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Abstract: The following article presents the techniques developed for the treatment of
images obtained from the modeling process with AERMOD of data on the immission
concentration of PM10 particulate matter. This data conditioning was carried out in order
to generate, through the analysis of dispersion images, isolines that identify and quantify
the areas of the Sogamoso Valley where PM10 concentrations occur from emissions from
the limestone firing process in Nobsa, Boyaca. It is a first approach to the prediction of the
dispersion phenomenon and the spatio-temporal determination of the influence that this
immission has on the air quality conditions of a region.
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Resumen: En el siguiente articulo se presentan las técnicas desarrolladas para el
tratamiento de iméagenes obtenidas del proceso de modelamiento con AERMOD de datos
de concentracién de inmision de material particulado PM10. Este acondicionamiento de
datos se realiz6 con el fin de generar mediante analisis de imagenes previas de dispersion
isolineas que identifican y cuantifican las zonas del Valle de Sogamoso en donde se
presentan concentraciones de PM10 proveniente de las emisiones del proceso de coccion
de piedra caliza en el municipio de Nobsa, Boyaca. Es un primer acercamiento a la
prediccion del fendmeno de dispersion y la determinacion espaciotemporal de la influencia
gue esta inmisidn puede afectar en las condiciones de calidad del aire de una regién.
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1. INTRODUCTION

CIETA

In Latin America there is the difficulty of
acquiring or implementing stations for measuring
and monitoring environmental conditions; that
equipment’s are expensive and must meet EPA
standards that add complexity to its handling. In
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2015, only 17 of the 33 countries that make up the
Latin American region measured air quality
(Chile, 2017). But, modeling software such as
CALPUFF, ATSTEP and AERMOD allow the
visualization of the dispersion phenomenon of
different pollutants (Oliveri Conti, Heibati,
Kloog, Fiore, & Ferrante, 2017) in an integrated
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way with orography and atmospheric conditions,
being a process that reduces costs, time and does
not necessarily require information from field
measurements. This is advantageous, but even so,
these computational aids have limitations.

Nobsa is characterized for being a center of artisan
work and being the predominant sector of
limestone  extraction and  transformation
(““Contaminacion por produccion de cal en Nobsa,
Colombia | EJAtlas”, s/f). Because of this last
activity, it presents high rates of environmental
contamination; that has had an impact on the
quality of life of its inhabitants and surrounding
cities.

Developing a system that generates the evolution
curves of the concentration levels of a pollutant
over time, offers communities a low-cost
alternative that indicates how exposed their
inhabitants are to certain concentrations of
particulate matter; in addition to synthesizing and
supporting the isolinear modeling generated by
the AERMOD software that identifies and
quantifies the areas of the Sogamoso Valley
where PM10 (Quijano, Quijano, Quijano, &
Manzano, 2015) concentrations occur from
emissions from the limestone firing process in
Nobsa.

2. RELATED WORKS

The serious consequences of climate change have
been evidenced by the work of researchers around
the world. (Potter, Emberlin, & Mullins, 2000)
were one of the first researchers to study the size,
composition and concentration of particulate
material using image analysis techniques to
extract quantitative, geometric and densitometry
data from PM10.

(Liu, Zhou, & Xiao, 2013) investigated a new
image threshold segmentation method based on
the genetic algorithm and the Otsu method to
identify the main morphological parameters of
PM10 particulate matter suspended indoors.

(Shu, Chen, & Xiong, 2020) used integrated
technology in order to acquire images of the same
environment at different instants of time, and then
applied quantification models. Furthermore, using
the variance of the gradient function, they formed
new images with different levels of clarity in order
to analyze the correlation of environmental
quality.

CASAP is a scientific space in which works
oriented to air quality in Colombia are exposed
and socialized (“CASAP 2017, s/f) like the one
developed by Guevara. M. (Luna, Andrés,
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Gonzalez, Ceron, & Carlos, 2019), who space-
time evaluated the PM10 and PM2.5 (Miskell,
Pattinson, Weissert, & Williams, 2019) pollutants
in the country through a process generated in
Python scripts of satellite information and air
quality measurements.

As evidenced in related works, the AERMOD
software analyzes the concentration and
deposition of air pollution caused by various
sources and creates a dispersion model (Software
Cientifico, s/f). Generally, a graphic report is
acquired with all the levels of dispersion of the
pollutant, but this does not allow an exhaustive or
particular analysis (specific area of a certain
concentration level) to be made at each of the
concentration levels provided by the software;
Furthermore, it does not have the facility to
compare the variations in the dispersion of
pollutants generated by different reports.

For this reason, the project is oriented towards a
process of conditioning the images obtained in
order to generate a system that allows the most
relevant concentrations of the PM10 pollutant to
be identified and quantified in Las Caleras-Nobsa
and generates reduction scenarios as a
management mechanism for the quality of the air
resource.

3. MATERIALS AND METHODS

For the generation of the evolutionary curves of
the pollutant, pre-processing and processing
techniques are applied to the results obtained from
the project "Modeling strategies to reduce
particulate matter in the air (Caleras-Nobsa)" (Fig.
1); A file transfer protocol (Buchanan, 2002) is
also implemented in order to interactively transfer
the reports generated between various systems
(Fig. 2). The general stages that describe the
development of the project are: acquisition, pre-
processing, processing and extraction of
characteristics to finish with the presentation of
the results.

Fig. 1 Scenario modeling.
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To start, a scale operator (Adelson, Burt,
Anderson, Ogden, & Bergen, 1984) was used
because the initial image was oversized and when
working with images in this state, a greater
processing resource is used that is not considered
necessary.

Gaussian reduction: This algorithm is mainly
used to reduce the resolution of the images, it can
be described as a pyramid, where a level g (i) has
a better resolution than its upper level g (i + 1). By
default the kernel described below is used:
(Publikoa, Gradua, Grado, & Lana, s/f).
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As an objective of the project was the
identification of three different degrees of
concentration of the pollutant in question, logical
operators (Gonzalez, Martinez, & Pernia, 2006)
were used in order to create masks that allowed
highlighting the desired concentration levels. In
order to obtain a better perception of the
information, a grouping of pixels is carried out by
detecting the most significant changes in intensity
in the image, in other words, performing edge
detection (Cavanagh & Leclerc, 1989); To
achieve this, the Canny edge detector (Canny,
1986) and the morphological erosion, opening and
closing operators were used.

Opening: Equation (2) describes the actions of
erosion and then expansion to execute the
"opening" operation. The result of this operation
is the adjustment of the structuring element in the
input image. The operator is called "opening top-
hat".

AB=(AOB)®B )
Ao*B=A—(AoB)

Closing: La operacion inversa al opening es el
“closing” el cual describe la dilatacion seguida de
la erosion. El operador es llamado “closing top-
hat” o cierre sombrero de copa. Ecuacion (3) si se
considera un proceso lineal, puede considerarse
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como un filtro de media movil.(“Hands-on
Morphological Image Processing - Edward R.
Dougherty, Roberto A. Lotufo - Google Libros”,

s/f).

A*B=(A®B)OB 3)
A*B=A—-(A+B)

Canny’s Algorithm. For edge detection using the
algorithm created by John F. Canny in 1986
(Corke, 2011), it is necessary to apply a set of
operations (Fig. 3).

Canny's Algorithm
Gaussian
IMAGE | " Fiter IMAGE G
Gradient
IMAGE J |+——— Elimination «——— IMAGE H

Fig. 3 Process for applying Canny's algorithm.

a. Applying a Gaussian filter (Lambrafio Garcia,
Lazaro Plata, Lazaro Plata, Trigos Quintero, &
Trigos Quintero, 2017) the input image | is
smoothed, this is described by the famous gauss
bell function expressed in (4) where ¢ takes a
default value of 0.5 and (X, y) are the coordinates
of a pixel central in the image, generating image
G.

1
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b. Gradient calculation, this operator uses the
calculation of the partial derivatives (x, y) in each
of the RGB planes where g(x, y) is the image and
n is the direction of the gradient which determines
the angle 6. Image H is obtained.

VR(X,Y) - n (5)
w= VG(X,Y) -n|;
" VB(X,Y) n
_ [cos(8)
B [sin(@)

¢. Next, the magnitude (m) and the direction of the
resulting gradient (8) of image H are calculated,
this in order to determine the areas of the image
where this value is maximum or where the image
has a large discontinuity.

Im(x, ¥)| = |Amaxl (6)
m? =|| Cx |I? cos(6)? +2-Cx-Cy -
sin(8) - cos(8) +1l Cy 11?- sin(8)?
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d. A non-maximum values elimination is
performed, which consists of comparing the pixel
with its neighbors in order to see if it is part of an
edge. This occurs when the magnitude of this
pixel is greater than that of its two neighbors
assigned by the direction given by the angle 6.
Image J is obtained.

Im(x, y)| > [my(x2, y2) (7
Im(x, y)| > |m3(x3,y5)|

e. Finally, equation (8) describes the hysteresis
thresholding of image J, which compares the
resulting pixels with two threshold values ul and
u2. Two thresholds are considered because if the
value is too high, information from the edges can
be lost and, conversely, if it is too low, noise could
be generated in the image; if the pixels exceed
those thresholds they will be considered as edges.
(Valverde, 2007)(Burger & Burge, 2016).

U < U ®)
](x.J’) > u2
J>u

For the quantification of the affected space, the
geometric property of regions is used: Area (9), as
it is of interest to calculate the number of pixels in
the region delimited by edge detection. Where N
is the number of pixels in the region "R".

AR)=|R|=N ©)

To complete the extraction stage, a process of
pixel equivalence to Km? is created using the grid
of the initial image and knowing the number of
pixels associated with the manipulated image.
This process was repeated for five more images,
but it was not identical, because the size of some
images varied and also the grid of these.

Finally, the information of the High, Medium and
Low concentrations for the months of January to
May is collected in easy-to-view formats and is
transmitted using the file transfer protocol
(Loshin, 2000) belonging to the application layer
in the TCP/IP model (Alvernia & Bautista, 2017)
(Fig. 4). Free software FileZilla is used to create
an FTP server and client; An FTP client is nothing
more than an application that connects to a server
with the same protocol to manage and access files.
The server is a service that uses the described
protocol to share files with other users (Fig. 5).
Access to this FTP server is done by entering the
necessary data for the connection, such as the
server address, username and password.
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Fig. 4 Layers of the TCP/IP model and its main
protocols.
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Fig. 5 File transmission protocol topology.

4. RESULTS

After using this methodology, it is verified that the
image processing techniques are complementary
tools to the dispersion models acquired from the
AERMOD software.

The images had a rescaling and trimming process
in order to use less processing resources (Fig. 6
(a)) to then create ranges of shades to identify the
different concentrations; applying this step, the
graph b shown in Fig. 6 was obtained. The
extracted color is again highlighted when
calculating the conjunction of the pre-processed
image with the mask (Fig. 6 (c)).

Fig. 6 Processing (a) Pre-processing (b) Mask
(c) Low tonality mask.

When the canny algorithm is carried out, the
pixels present in the limits of the objects of an
image are used, when making the definition of the
border, a small loss of information occurs.
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To calculate the areas that describe the different
PM10 concentrations , morphological operations
are carried out on the original image. Erosion can
be defined as the elimination of pixels at the limits
of an object in an image, and dilation, being the
opposite operation, is the addition of pixels in
these contours. In order to eliminate noise and
unrepresentative data, first a closing operation
(dilation and then erosion) is performed and to
open up the definition of the point objects in the
image, an opening operation is performed
(erosion and then dilation), then The canny
algorithm is used, which by means of different
mathematical operators finds the most abrupt
changes in intensity in the image, defining them
as edges and allowing the arithmetic calculation
of the respective areas to be carried out at each
concentration of PM10 (Fig. 7).

mask brown closing brown

Fig. 7 Feature extraction.

By condensing the model information into
evolutionary curves, great support is provided for
air quality management. This facilitates the
understanding of the scatter diagrams produced by
the AERMOD format. The final reports consist of
a graph that condenses the information extracted
for each month (Fig. 5), and an .xlsx file that
specifies in km2 the area affected by the
particulate material in the three important levels
(Table 1). This was determined by making a
relationship between the pixels in the image and
the size of the grid.

Table. 1 Affected area in km? by each
concentration level.

High Medium | Low ‘

January | 0336024 2,815709 12,87089
February | 0354715 2043974 9,979796
March 0,375068 1,106512 7,223275
April 0,271228 2,012615 17,85996
May 0,282584 0,616115 1,275899
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Compilacion de las concentraciones de PM10 durante los meses de Enero a Mayo

Biia

Fig. 8 Compilation of PM10 concentrations
during the months of January to May.

For the last stage (Fig. 1) in the development of
the project, a PC had to be configured as a server.
Initially, the port and address that will be referred
to the FileZilla server are assigned. In this case,
PC 1 will be the server and its address will be the
localhost. Also, some settings should be edited
such as the range of ports for users, the welcome
message and the creation of the certificate
associated with the server. Next, an access profile
is created that the user will use to enter the server
and the files that he decided to share.

The client must be aware of the server address, the
username and password modified on the server
and the port assigned to the FTP to achieve the
successful connection. By zooming in on Fig. 9, it
can be identified that a client with address
19X.6X.1X9.247 is accessing the server with
global address 18X.1X1.9X.154 to acquire the
reports shared by the server.

@ m ® apBEmSaclsm

Fig. 9 Reports in the FTP client.

5. CONCLUSIONES

The images corresponding to the three levels of
concentration of the contaminant were obtained.
(High, Medium, Low), with this information,
individual reports were generated for each month
and they are compiled into a total graph to make
it easy to analyze the degrees of dispersion
throughout the months. The viewing of these
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reports can be done on the device that performed
the analysis or on another by transferring files
using a transfer protocol.

As the information that was desired to be obtained
did not depend on the resolution of the images
obtained in the software, scaling processes were
carried out with the intention of reducing the
processing requirements. This allowed the scripts
to run efficiently.

The application of techniques for the processing
and extraction of characteristics in an image,
provides a positive impact to the exploration of
new methodologies to analyze dispersion reports
such as that generated by the AERMOD software,
since it gives other study areas greater tools that
enhance the capacity of information analysis and
allows to study in more detail a specific behavior.

As evidenced in the compilation graph of PM10
concentrations, for May 2019 it presented a
drastic variation in the low concentration level.
This data is taken as a reference to generate an
intensive analysis of the modeling report for that
month.

The acquisition of this type of reports made it
possible to display in a more efficient way a
concentration level dangerous for human health,
in the future, it would allow generating real-time
alerts on the behavior and degree of concentration
of other types of pollutants.
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