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Abstract— The purpose of this study is to measure the level of
air pollution in the district of Ventanilla and Mi Peru, in Peru. The
concentrations of suspended particles range from 2.5 g to 10 g, also
known as PM10, and the concentrations of suspended particles less
than 2.5 g, also known as PM2.5. The task is to measure CO2,
PM2.5 and PM10 pollution to protect the health of people living in
the region under study. A system was implemented to measure the
concentrations of PM10 and PM2.5 pollutants in CO2 polluted air.
The measurement system includes a dust and CO2 sensor, as well
as an ambient temperature and humidity sensor, a DHT11 sensor
for these measurements, and an ESP8266 module for wireless
recording and cloud recording. An Arduino Uno R3 and ESP8266
board use wifi to process the sensor values. a Google Sheets
spreadsheet and a PaaS cloud computing service provided by
Google. An ANN was chosen because it has proven to be effective
in air quality predictions. Compared to other similar works, only
one network was created, but several prototypes were developed and
evaluated to avoid arbitrariness in design decisions. Data
normalization, architecture selection, and activation function
selection were three specific components of the NR design that were
examined. Finally, artificial neural networks are used to predict
PM10 and PM2.5 particulate matter concentrations.

Keywords—Neural networks, pollution measure, air quality,
MATLAB.

I. INTRODUCTION

Air pollution is defined as the presence in the atmosphere
of substances produced by human activity [1] or natural
processes [2] in adequate concentrations during a given period
and under conditions that may have an impact on the
environment. Pollution is a major environmental health
problem that affects all countries in the world, both developed
and developing [3]. In this case, we have presented the district
of Ventanilla and Mi Per( because in the study area we can
appreciate large quantities of gases and particles are released
that can be harmful to the environment and human health like
Fig. 1. show us [4], [5].
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Fig. 1. Photographic evidence of latent contamination in Mi
Peru, Ventanilla, Callao [6]

Lead and cadmium are the two main metals that are
breathed every day [7] by the population of Mi Peru and
Ventanilla in various sectors where even educational centers
such as the Arturo Padilla school, located in the Industrial
Park of Ventanilla, are located. For this reason, it would have
generated some consequences among children, including lack
of concentration, respiratory and gastrointestinal problems [8],
[9], all of them frequent according to the World Health
Organization (WHO).
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Fig. 2. Photographic evidence of latent contamination in Mi
Peru, Ventanilla, Callao [10]

The project consists of the following parts. The first part
presents the problem of air pollution in the areas under study:
Ventanilla and Mi Peru districts. In the second part, the
design, simulation and testing of the whole system including
the programming algorithms are carried out. Finally, the third
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chapter documents all the tests performed and analyzes the
results obtained.

This research project allows us to develop an alternative
system to monitor (measure) and predict the air quality in the
area of Ventanilla and Mi Peru in which low level sensors are
used; the signal obtained previously by the sensor and trained
artificial intelligence algorithm will generate the level of
pollution in the polluted area. It is intended to report what has
been done in the experimentation, use and training of artificial
intelligence systems that is useful to determine the air quality
in the area and generate a signal that is easy to read for the
personnel.

Il. METHODS

For the initial conception of the project, the following list
was taken into consideration, which details the selection
process of the technical characteristics and prior analysis
required for its execution. Selection of physical components
and computer programs.

— Analysis and interpretation of

physiological aspects.

— Development of an expert algorithm

— Spectral analysis of air quality and noise reduction

methods.

— Development of a method for predicting air quality.

— Simulation of system behavior

— Valuation of the system by experts
System design

The developed system is evaluated by testing pollution
conditions in the urban areas of Ventanilla and Mi Perd
districts. Studies by the World Health Organization and
national entities have pointed out an increase in the
concentrations of pollutants in the air in these areas [11]. The
evaluation is carried out in areas of high influx of people, such
as main avenues, educational institutions, markets and other
important places. References [12] and [13] should be
consulted for more information on the subject in question.

The measurement areas are determined considering the
number of pollutants produced by nearby vehicles and
adjacent factories, as indicated in reference 12.

When measuring the air pollution index, it is chosen
considering the concentration level of suspended particles [2],
[14]. These theories are based on the principle of
electrochemical response. Research by [15] and [16] has
shown that voltages are related to the concentration of
pollutants and greenhouse gases that are sent to the
microcontroller platform.

physical and

— ldentification of necessary hardware and software
prerequisites

— The development and execution of the electronic
circuit

— Electrochemical sensor programming
— Analyze the data stored in the cloud
— Data analysis

— Data visualization

—  System validation by experts

Design of the air pollution measurement system
The elements used to carry out the project are as follows:
— Arduino UNO Microcontroller Board
— SD Data Logger Shield
— MGB811 Carbon Dioxide Sensor
— MQ135 Air Quality Sensor
— ESP8266 Wi-Fi Module
— 4x20 12C LCD Display
— DHT-11 Temperature and Humidity Sensor
— DS3231 RTC Clock Module
— Audible Buzzer

In addition, it was decided to use electrochemical sensors
to measure variables related to air quality [13]. The MQx
electrochemical sensors show variations in their resistance
when exposed to certain gases. These sensors have an internal
heater that increases the temperature, allowing the sensor to
react with the gases and modify the resistance value [18,19]
The heater may require a specific voltage, which varies
depending on the model, within a range of 5 to 12 volts. The
sensor operates as a resistor and requires a load resistor (RL)
to complete the circuit. This allows a voltage divider to be
established that facilitates the reading of the sensor by a
microcontroller, as illustrated in Figure 3.

Fig. 3. MQ135 Sensor Diagram

The MQ135 gas sensor module simplifies connections and
facilitates application by having a digital output that operates
internally with a comparator. Using a potentiometer, it is
possible to calibrate the threshold to interpret the presence or
absence of gas. These sensors are more sensitive to certain
gases than to others, always detecting more than one type of
gas.

Sensor calibration

Calibration of the MQ135 sensor for the measurement of
carbon dioxide (CO2) where the analysis of air quality in the
area is performed.
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The characteristic sensitivity curve of the MQ-135 sensor
is shown in blue for the air concentration, where the maximum
value is 200 ppm, the connection diagram and the
characteristic curve shows in the Fig. 4.
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Fig. 4. Diagram of microcontroller and MQ135 sensor
Calibration of MQ135 Sensor

The points have been recorded and classified in their
corresponding dimensions in order to determine and calculate
the associated potential equation, as well as to perform the
analysis to calculate the margin of error, which is presented in
TABLE 1. Based on this information, the corresponding graph
is drawn up, locating the points in their respective coordinates
(Figure 5) in order to analyze the concentrations in parts per
million (ppm).
The equation that defines the concentration is expressed

by the following formula:

2,64
. R
Concentration ., :110’17(R_Sj
0
Where:
- Ry Sensor resistance obtained in first programming
- R, Sensor resistance MQ135

TABLE I
MQ-135 SENSOR SENSITIVITY CURVE COORDINATES.

Rs/Ro Concentration value (ppm)
24 10
1.9 20

1.59 30
1.49 40
1.39 50
1.25 60

12 70
1.14 80
1.09 90
1.04 100
0.78 200
0.78 200
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Fig. 5. MQ135 Calibration Curve
I1l. RESULTS

System diagram

In the measurement of polluted air, sensors (MQX)
designed to detect air quality parameters were used. These
sensors are connected to the Arduino UNO processor through
the available analog channels.

Arduino then processes the information using an
algorithm and transmits the data wirelessly through the Wifi
module (ESP8266) that is compatible with the TCP/IP
protocol. This module establishes the connection with the
Google Sheets database. Wifi, whose abbreviation
corresponds to Wireless Fidelity, is a technology that uses
radio waves for the transmission and reception of data
between devices, eliminating the need for wired connections.
Wifi wireless technology is integrated into the vast majority of
electronic devices, such as mobile phones and computers,
allowing these devices to connect quickly to the Internet.

Google Sheets is a free online tool that allows the creation
of spreadsheets. The cloud is a contemporary alternative that
allows numerous users to access data easily. Its functions
include the possibility of sharing documents to facilitate
collaborative work between multiple participants. The final
tests of the air measurement system were carried out taking
into account the diagram presented in Figure 6, which includes
various electronic components and chips.

The DHT11 module is responsible for measuring
temperature and humidity, with a temperature measurement
range of 0 to 50°C and a resolution of 1°C. As for humidity,
its measurement range goes from 20% to 90% relative
humidity, with a resolution of 1% relative humidity. In this
case, to carry out the programming of the ESP8266, instead of
using the default firmware of the module, it is programmed
manually using the Arduino integrated development
environment (IDE) and the Arduino programming language.
In addition, some additional libraries are used to manage WIFI
connectivity.
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The ESP8266, with its hardware firmware, enables the
connection to the Internet from the Arduino by linking both
modules through the serial port. This allows the execution of
AT commands on the ESP8266 and the reception of responses
on the Arduino..
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Fig. 6. Block diagram of the implemented system
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B. Program flowchart

Figure 7 and 8 displays the flow chart of the executed
program, illustrating the procedures conducted, which include
monitoring the air quality (specifically CO2 levels) as well as
assessing the temperature and humidity of the environment in
the designated region of study. Google Sheets is a cloud-based
tool that is accessible to anyone with a Google account. On
our web platform, you can create and modify spreadsheets. In
our work, we engage in the process of acquiring data in a
spreadsheet format that is comparable to Microsoft Excel.
Google Sheets is a web-based program that can be accessed
using several web browsers such as Chrome, Firefox, Internet
Explorer 11, Microsoft Edge, and Safari. Google Sheets is
universally compatible with all desktop and laptop devices.

Google Sheets has several distinct advantages over
alternative choices. One key asset is the ability to collaborate
on the same document consistently, regardless of the number
of devices, platforms, or locations involved. This is made
possible by storing files in the cloud, namely in Google Drive.
Modifications are automatically saved and the ability to edit
without an internet connection is also provided (via the mobile
application and Google Chrome web browser).

Correct sensor
reading?

Signal sending over the
Arduina with ESPE266

Fig. 8. Flowchart of the implemented program (2" part).

C. Data measured in closed environment

The Figure 9. shows the minimum and maximum values
of the sample taken at the Acho Bridge to determine the
exposure ranges of each parameter to which people are
exposed.

SAMPLES OBTAINED INITIAL CLOSED FIELD TEST
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Fig. 9. Samples obtained initial closed field test

D. Data measured in open environment

The Figure 10 displays the minimum and maximum
values of the sample collected in the Mi PERU area (main
avenue), in order to determine the range of parameters that
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individuals are exposed to when they travel through or reside
in that location.
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Fig. 10. Samples obtained initial closed field test

Prediction of ANN

Air pollution prediction is accomplished using artificial
neural networks (ANNS) in the Matlab software. This software
enables the manipulation of ANNSs, and the parameters must
be specified according to the desired type of neural network.
Total number of layers: The neural network utilized in this
research comprises an input layer, an intermediate layer, and
an output layer. Figure 8 displays the neural network that will
be implemented.

— Neuron count of the input layer: Given that there are
8 daily measurements of particulate matter that
describe the characteristics of a day, the input layer
of the neural network is configured with 8 neurons to
accommodate these data inputs.

— The number of neurons in the intermediary levels
cannot be calculated using any existing approach. A
frequently employed approach is trial and error, when
neurons are systematically adjusted, either increased
or decreased, until the optimal outcome is achieved.

— Number of neurons in the output layer: The output
layer consists of a single unit, as it is necessary to
determine the average contamination level for each
day.

Network Performance Curve

Upon executing the program in Matlab, we generate a
graph, depicted in Figure 11, which displays the training
curves in blue, validation curves in green, and test curves in
red. The training curve illustrates the relationship between the
validation error and the network's training progress, measured
in terms of interactions or epochs. The training of the network
concludes either when the error reaches a minimum threshold
or when the predetermined number of epochs, as specified in
the neural network configuration step, is reached. In this case,
it is noted that the error is decreased to 0.0001 in epoch 5, as
determined during the configuration stage. If the test curve
were to exhibit a substantial increase prior to the validation

curve, it would indicate the presence of overfitting, which is
not the situation in this case.

Best Validation Performance is 0,000 0798 at epoch 3
“'J,
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Fig. 11. Network validation and training

Results of the ANN’s training

Figure 12 depicts the anticipated result using a black
dashed line. The solid line is the ideal linear regression that
establishes a correlation between the outputs and the
objectives.

The R value is a quantitative measure that assesses the
correlation between the outputs and the objectives. When the
value of R is 1, there is an exact correlation between outputs
and objectives. A correlation coefficient (R) of 0 shows the
absence of a linear relationship between the outputs and the
targets.

The training data in this design does not exhibit a
significant correlation as the solid line representing the linear
regression does not align with the desired targets shown by the
black segmented line.

The parameter R demonstrates substantial values
throughout the training, validation, and testing stages. The
scatter plot, represented by black circles for each occurrence,
demonstrates the inadequate correlation among the data points.
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Fig. 12. Linear Regression for ANN Training
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Linear Regression for ANN Training

Fig. 13 shows the target values represented by the blue
line and the actual output values of the neural network
represented by the orange line. From this graph it can be
deduced that the neural network model composed of 8 input
neurons, 16 neurons in the intermediate layer and 1 neuron in
the output layer, fails to meet the expected results, because the
two graphs are not similar.

Comparacion

Fig. 13. Plot of actual vs. predicted values at the output of the
16-neuron model in the intermediate layer

I111. CONCLUSIONS

It is observed that the increase of air pollution in this case
of particulate matter PM10, the humidity factor decreases and
temperature increases the pollution with PM10 registering the
highest levels at midday, there is also a greater movement of
people and vehicles in the area under study.

When implementing the ANN structure and analyzing the
data obtained from the prediction with artificial neural
networks (ANN), better results are obtained with the network
model by varying or increasing the input neurons, the neurons
in the intermediate layer and one neuron in the output layer.

In the measurements of air pollution with CO2 changes are
observed when measurements are made in a closed
environment and then in an open environment in the same area
and it is seen that there is pollution.

An air measurement system has been developed with low-
cost elements.
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