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Abstract

Gait analysis is important to detect abnormal patterns
caused by disease or injury in human body parts such legs,
ankles, arms, elbows, back, and hips. Suitable treatments
and routines can be established from this analysis, and it is
possible to determine what may be appropriate for each
patient according to the walking pattern and body
movements presented by them. In this project, a wearable
system with accelerometers and low-cost effective
development board is implemented, which can be a
practical tool for health professionals for measuring
spatiotemporal gait characteristics and assign a proper
treatment. Finally, it can be concluded that the system
presented has a reliable performance.

Spatiotemporal analysis, Gait, Sensor technology,
Accelerometer, Wearable sensors

Resumen

El analisis de la marcha es importante para detectar
patrones anormales causados por enfermedades o lesiones
en partes del cuerpo como piernas, tobillos, brazos, codos,
espalda y cadera. A partir de este analisis se pueden
establecer tratamientos y rutinas adecuadas, asi como
determinar cudl puede ser la mas acorde para cada paciente
segun el patrén de marcha y movimientos corporales que
presenta. En este trabajo se implementa un sistema portatil
con acelerometros y una placa de desarrollo de bajo costo,
que puede ser una herramienta practica para que los
profesionales de la salud midan las caracteristicas
espaciotemporales de la marcha y asigne un tratamiento
adecuado. Finalmente se puede concluir que el sistema
presentado tiene un desemperfio confiable.

Analisis espacio temporal, Marcha humana,
Tecnologia de sensores, Acelerdmetro, Sensores
portatiles
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Introduction

Gait analysis is an important activity to observe
human motion to find abnormalities in
locomotion.  Wearable  systems  using
accelerometers are a common practice to
perform these tests. However, sometimes the
main electronic board to integrate the entire
system is expensive; they need to have some
features to obtain advantages of the portability.
Nowadays, these implementation boards must
have wireless communication, handling capacity
for several tasks, communication for several
devices and the most important goal, low power
consumption.

There have been several alternatives for
gait studies as described by Zani 2022. On one
side, the image processing systems, and on the
other hand the accelerometer sensor systems.
Starting with image processing, these gadgets
demand bigger spaces and budget, depending on
the human disclaimants required to be measured.
Contrary to accelerometer sensor wearable
systems, which tend to be smaller and suitable
for tasks where these tests must be performed in
sport, training session and physical activities.

There have been several accelerometer
sensor systems such Vertens 2015, Cardou 2008,
Cardou 2009, Tao 2012, Muro-de-la-Herran
2014, Kavanagh 2005 and Fourati 2011. In these
works, there have been other uses for the gait
measurement, a different approach.
Nevertheless, some other works using wearable
systems were presented by Liu 2009, Donath
2016, Kluge 2017, Mayagoitia 2002, and
Verheul 2019. Finally, there are published thesis
such as Adkins 2023 and Chanda 2023, where
gait systems took place for treatment design and
patient treatment with a motion disorder.

Wearable System

The main goal is to build a reliable tool to
accomplish a human gait study at low-cost.
Therefore, a fast development board which
reduces implementation time, because sensors
and the board are pin-connected, makes its
construction easier. The system is formed by an
ESP32-WROOM-32, five AXL345
accelerometer sensors with SPI communication,
a DS3231 RTC to set the time and day of each
test, a microSD memory module to save a data
backup when wireless communication fails and
a battery for power supply. System components
and their connections are shown in picture 1.

ISSN 2444-4995
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Figure 1 System elements and pin-connections

In this section, the way the system works
is explained. First, The ESP32-WROOM-32 is
turned on, and as soon as it happens the sensors
and microSD memory are initialized reading
their direction by the SPI protocol. Secondly, an
IP direction file, previously loaded, with the
name and password of the Wi-Fi network is read
by the ESP32-WROOM-32, and Wi-Fi
communication starts. Then, the board initializes
working as a server with an HTML webpage,
where data will be shown. Finally, 12C is only
used by the RTC, so there is no problem to
communicate with the ESP32 board. It must be
mentioned that the ESP32 pin-port must be set
as SPIMODES3 linked to the 1 MHz SPI Clock.
Now, SD serial communication is set to 115200
bauds.

The index file loaded on the microSD is
taken by the Wi-Fi module (ESP32), with the
HTML code is executed so real-time interface
begins to plot the signals of the accelerometer
sensors. Since the board code is asynchronous to
the sensor date collecting, the embedded server
on the chip demands data update of every sensor
every 200ms to show the data graphic at all time.

During main code execution, a loop is
performed, which calls a function to read all the
5 sensors one by one. Information for each axis
is saved into a two bytes variable, so the tree axis
information is saved into a six-space array (two
for each axis). Then, a shift is done to obtain the
complete data of each axis in form of a three-
space array. An RTC update is asked by the code
to have the date, hour, minute and second of the
sensors reading. Information is turned to a string
and then concatenated to the sensor value, to be
stored in the SD card. As mentioned before, this
action is performed every 200 mS.

VERA-NINO, Carlos, GUTIERREZ-VILLALOBOS José Marcelino,
TALAVERA-VELAZQUEZ Dimas and JIMENEZ-GONZALEZ, Maria de
JesUs. System implementation for gait gratification for analysis with a low-
cost development board and a real-time application. Journal of Technological
Prototypes. 2023
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System tests

Tests took place on a regular person with no
locomotion problem at that moment. However,
there is an agreement with another educational
nursing program, where there are physical
rehabilitation classes, and professional practices
with real patients’ participation.

Results

On this section, graphics of arms and legs
movement measures are presented. There is a
comparison between the data in the real time
application on the website and the date stored on
the microSD, as shown in graph 1, where right
arm graphics are compared. On the next figures,
comparisons are shown between raw data
coming from the server and graphed on the
wireless application; and the graphic obtained
using an off-line Python-based data processing
script, from the data collected in the microSD
during a preformed test.

Sensor 1 X

10

Tusadny, 41 Oot, 168760 B0k

» Seorlen 1 «5.29

10 [ I I I
16:07:48 16:57:40 16:67:45 16:67:50

a)

Arm 1

Graph 1 a) Real-time application graphic shown on the
website (right arm) vs b) Data storage in the microSD
module graphed with Python
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In the next figure, the graphics of the left
arm are presented as well. The same comparison
is done between the real time application on the
website and the data written on the microSD, as
shown in graph 2 (left arm).
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Graph 2 a) Real-time application graphic shown on the
website (left arm) Vs b) Data storage in the microSD
module

Now, leg graphics are presented. In the
Graph 3, the right leg is tested, also comparing
the real-time graphic and the one obtained from
the Python interface.

VERA-NINO, Carlos, GUTIERREZ-VILLALOBOS José Marcelino,
TALAVERA-VELAZQUEZ Dimas and JIMENEZ-GONZALEZ, Maria de
JesUs. System implementation for gait gratification for analysis with a low-
cost development board and a real-time application. Journal of Technological
Prototypes. 2023
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Graph 3 a) Real-time application graphic shown on the
website (right leg) Vs b) Data storage in the microSD
module

Finally, it is necessary to show both legs
in Graph 4, walking at the same time, presenting
a diphase with every step the subject person has
performed.
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Conclusions

The data and graphics presented in this work
show the system results for a test done on a
person gait walking, on a plane surface area and
collecting the data to be plotted after the tests.
Moreover, the design time for this diagnostic
tool was about three months, where the hardest
part was the main script coding stage, because
implementation, connections and test were
short-time covered.
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Abstract

Airborne diseases can pose significant threats, particularly to
infants and postoperative patients. While air extraction and
droplet filtration systems are effective in containing these
viruses, interconnected ventilation ducts can still facilitate virus
transmission in areas with lower viral concentration. This study
introduces a Wireless Sensor Network based on WiFi
technology, designed to monitor crucial environmental variables
such as CO2, TVOC, temperature, and humidity, collectively
influencing indoor air quality. Moreover, this network connects
to an online server, collaborating with subscribers to store
historical data. The stored information aids in identifying
patterns and high-risk zones associated with the transmission of
respiratory  diseases. The outcomes demonstrate a
comprehensive, adaptable, and scalable WiFi-based Indoor Air
Quality sensor network. Employing the publish-subscribe
pattern, the MQTT message transport protocol, and open-access
platforms like Streamlit, Supabase, and HiveMQ, along with
affordable boards and sensors, this solution offers an innovative,
scalable, and cost-effective approach to identifying areas at risk
of airborne disease transmission. The system's design prioritizes
data precision and reliability, making it a valuable addition to
indoor air quality monitoring systems.

WSN, Indoor Air Quality, MQTT

Resumen

Las enfermedades transmitidas por el aire pueden representar
amenazas significativas, especialmente para los bebés y
pacientes en periodo postoperatorio. Aunque los sistemas de
extraccion de aire y filtracion de gotas son efectivos para
contener estos virus, los conductos de ventilacién
interconectados adn pueden facilitar la transmision viral en &reas
con concentraciones virales mas bajas. Este estudio presenta una
red de sensores WiFi, disefiada para monitorear variables
ambientales como CO2, TVOC, temperatura y humedad, que
influyen colectivamente en la calidad del aire interior. Esta red
se conecta a un servidor en linea y colabora con suscriptores para
almacenar datos historicos. La informacion almacenada ayuda a
identificar patrones y zonas de alto riesgo asociadas con la
transmision de enfermedades respiratorias. Los resultados
muestran una red de sensores integral, adaptable y escalable,
utilizando el patrén publicista-suscriptor, el protocolo MQTT y
plataformas de acceso abierto como Streamlit, Supabase y
HiveMQ, junto con placas y sensores econémicos, esta solucion
ofrece un enfoque innovador, escalable y rentable para identificar
areas en riesgo de transmision de enfermedades transmitidas por
el aire. El disefio prioriza la precision y confiabilidad de los
datos, contribuyendo con una valiosa adicion a los sistemas de
monitoreo de la calidad del aire interior.

Redes inaldmbricas de sensores, calidad del aire en
interiores, MQTT
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Introduction

Globally, respiratory diseases pose a significant
threat to public health, with an estimated rate of
35.8 deaths per 100,000 inhabitants (Sailema,
2023). However, diseases such as COVID-19
and Influenza ranked fourth and eighth,
respectively, among the top ten causes of
mortality in Mexico during the years 2021 and
2022 (Pérez et al. 2023).

Medical and technological advancements
have allowed us to determine that these viruses
transmit through microdroplets (Marti and
Tuma, 2014). Moreover, they remain suspended
in the air in open spaces for up to 10 minutes in
indoor environments with a relative humidity of
50 to 80% (Lombardero, 2022). Ventilation
systems can transport these microdroplets,
potentially  leading to  hospital-acquired
infections (Palacios, 2020). Additionally, an
illustrative example of this phenomenon is the
increased incidence of respiratory diseases
observed by Cobos (2008) in patients who
underwent organ transplantation at a hospital in
Jalisco, Mexico, due to the proliferation of
fungal spores. Similarly, a high mortality rate
has been reported among newborns in Colombia
(Herndndez and Ledn, 2008) and Peru
(Hernandez et al. 2015) due to poor indoor air
quality in hospitals.

Alongside the implementation of stringent
hygiene and maintenance protocols in patient
areas, there is a growing emphasis on the
reduction of airborne virus concentration.
Consequently, three distinct strategies have
emerged:

1. The utilization of natural and mechanical
ventilation systems, depending on the
availability of windows (Gutierrez,
2011). However, these measures exhibit
optimal  effectiveness  when  the
occupancy is low, ensuring individuals
maintain over 2 meters while minimizing
direct interactions (Leung, 2022).

2. The application of chemical disinfectants
in enclosed spaces to neutralize viruses
(Santos et al. 2020). Nonetheless, their
efficacy diminishes in areas with high
foot traffic or during aerobic activities,
such as those occurring in gyms (Mutsch
et al. 2022).
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3. The installation of air extraction systems
to enhance the air exchange rate (AER)
within enclosed spaces (Constantin et al.
2020). Reports have indicated a
reduction of up to 50% COVID-19 viral
particles in enclosed spaces equipped
with 6 AER units (Medscape Pulmonary
Medicine, 2022). It is important to note,
however, that these technological
advancements primarily transfer
microdroplets from enclosed areas to
open spaces.

It is crucial to recognize that no single
strategy is entirely effective on its own, and a
combination of these approaches may be
necessary to minimise virus transmission.

A complementary strategy to air
extraction systems is the use of filters, which
serve to capture microdroplets carrying
infectious agents on their surfaces, thereby
reducing people's exposure to viruses (Ramos,
2015). Furthermore, these measures have been
implemented and validated in crowded enclosed
spaces such as hospitals (Garcia, 2019), fast-
food restaurants and bars (Comunian, 2020),
public transportation like subways (Lépez et al.
2020), and university hallways (Brevisa et al.
2021).

Subsequently, sensors were integrated in
air extraction devices so that if any variable of
interest falls outside a range considered safe or
acceptable, corrective action is taken to ensure
indoor air quality. This strategy has been
assessed and validated in administrative offices
(Higuera et al. 2021), hospitals, and shopping
centers (Guerrero et al. 2022).

Following the successful implementation
of this strategy, the next crucial step is to further
enhance the process. For instance, Vega et al.
(2019) developed a wireless sensor network to
measure and monitor indoor air quality levels in
a private hospital in Mexico and Ecuador.
Parraga (2022) extended the proposal of Vega et
al. (2019) to include a data storage module for
online data access (cloud-based). On the other
hand, Hernandez (2022) reported on the energy
sustainability of these optimised systems.

FIGUEROA-MILLAN, Patricia Elizabeth, BRICIO-BARRIOS, Elena Elsa,
LUA-MADRIGAL, Olimpo and ARCEO-DIAZ, Santiago. Design of a WiFi
sensor network to identify transmission zones of respiratory diseases through
air quality indicators. Journal of Technological Prototypes. 2023
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Moreover, Edupuganti et al. (2023)
proposes a system based on 10T for monitoring
air pollution. The system utilizes sensor nodes, a
gateway, WiFi module, LCD display, and a
cloud server to measure and transmit real-time
data (temperature, humidity, gasses, microbes,
and light intensity). The collected data are
aggregated by the gateway and sent to the cloud
server for analysis. The system incorporates a
web interface that displays pollution levels and
can issue alerts to users in case of poor air
quality, enabling timely precautions.

In the same way, Ariyaratne (2023)
examines levels of pollutants such as Carbon
Monoxide (CO), Nitric Oxide (NO), Ozone
(03), Nitrogen Dioxide (NO2), and Sulfur
Dioxide (SO2) on Kandy City. The results
indicate that electrochemical sensor networks
offer a cost-effective alternative to regulatory
monitoring methods, providing higher accuracy
and resolution. However, challenges related to
sensor calibration, especially concerning
temperature and humidity effects were
presented.

Pramanagara et al. (2023) propose a
smart pollution monitoring system design in
Manokwari to address the impact of air pollution
on health. They propose the use of 10T utilizing
sensors such as MQ 135, MQ2 and dust
particles, along with a GPS module and a
Raspberry Pi. The system design aims to provide
air quality data to users through a smartphone
app or text messages.

On the other hand, Truong et al. (2023)
propose a system to monitor and collect
environmental variables such as light intensity,
temperature, humidity, carbon dioxide (CO3)
and fine dust in classrooms based on a LoRA
wireless sensor network. They propose a
gateway that collects and uploads the data to the
Cayenne database for real-time storage,
providing users with easy access to visual charts
displaying environmental quality indicators in
the classroom.

Henceforth, the present study proposes
the design of a Wireless Sensor Network (WSN)
based on indoor air quality (IAQ) indicators
using WiFi communication technology. This
network focuses on monitoring IAQ indicators
to identify high-risk areas, ultimately aiming to
reduce the risk of airborne disease transmission
and contagion.
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Its primary objective is to gather data
through the continuous monitoring  of
interconnected indoor air variables. These
variables are known contributors to the
transmission of airborne diseases and include
carbon dioxide (CO2) concentration, total
volatile organic compounds (TVOC), as well as
indoor temperature and humidity. All the data
collected through monitoring is transmitted to an
online server, referred to as a "broker." This
broker is equipped with a notification
mechanism, which allows subscribing clients to
access and store the data in a cloud database.
This stored record can subsequently be utilized
to devise preventive and corrective strategies for
areas that pose potential risks.

This paper is organized as follows: the
second section presents the research and
development methodology, along with the tools
needed; the third section showcases the results of
the sensor network design; the fourth section
describes the conclusions and future work;
following that, acknowledgments and references
are provided.

Methodology

The present technological development was
conceptualized and designed at the Graduate
Studies and Research Division, while the
elaboration and manufacturing of prototypes
were carried out in the Mechatronics
Department, both belonging to the Instituto
Tecnoldgico de Colima, México.

Research Methodology

The research methodology employed in this
study is based on De la Cruz (2016)
technological ~ research  methodology in
engineering. This approach considers the
following phases: problem statement, which
addresses the formulation of the problem,
objectives, justification; theoretical background
to determine background, foundations, and
definition of basic terms; hypotheses;
methodology for design or development
considering the instruments, tools and materials
needed; implementation and evaluation.
According to the objective of this paper, the
phases of implementation and evaluation are
outside the scope.

FIGUEROA-MILLAN, Patricia Elizabeth, BRICIO-BARRIOS, Elena Elsa,
LUA-MADRIGAL, Olimpo and ARCEO-DIAZ, Santiago. Design of a WiFi
sensor network to identify transmission zones of respiratory diseases through
air quality indicators. Journal of Technological Prototypes. 2023
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Development methodology

Moreover, the methodology for the design of the
proposed WSN is based on the spiral model
according with Pressman (2020) is an
evolutionary model that couples the iterative
nature of prototyping with the controlled and
systematic aspect of a linear process flow; hence,
this model is appropriate for technological
developments and fits the requirements of the
design of the WSN proposed in this paper.

Using the spiral model, the technological
development is performed in a series of
evolutionary releases, which in early iterations
the release might be a model or prototype. Spiral
model involves the systematic progression
through its phases: determine objectives,
identify risks, plan next iteration, development,
and testing. The first circuit around the spiral
results in the specification of the WSN design
proposed in this paper. Figure 1 illustrates this
methodology and its application in the
development of the WSN design.

o |dentify potential risks related to
hardware, software, communication,
power supply, data sccaracy

* Priaritize Wentified risks considering
exssient fechnology mirsstracture

o WSN roguirements defimition
s Cument iteration objectives defimition
(network design).

o

.

Determine @
: Identify
Objectives Risks
Development Plan Next
and Testing Iteration

* Specification of strategics tn mitigase
identifind risks

¢ Conceplual WSN architeciure.

¢ Ensure the scalabality, rebiability,
and flexibilisy of the WSN dexign * Plan for enhascements and new
anchaecture. features,

Figure 1 Spiral Model application for the WSN design
architecture
Source: Pressman (2020). Own adaptation

As can be seen in Figure 1, during the
phase of determining objectives, specific
requirements for the proposed WSN were
established. These requirements include types of
sensors, data collection frequency, network
topology, communication model architecture,
communication technology, message protocol,
content-type format of data transferred and
power supply of sensor nodes. Moreover, the
objectives of the current iteration were
determined.
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During the phase of risk identification,
potential risks related to hardware, software,
communication, and infrastructure factors were
identified; additionally, these risks were
prioritized based on their impact on the project.

In the phase of planning the next
iteration, strategies to mitigate risks were
developed. For example, the use of power banks
in cases where power supply infrastructure was
inaccessible and the inclusion of a data logger in
case of signal loss.

Finally, during the development and
testing phase, the WSN architectural design was
specified,  primarily = focusing on a
communication model that ensures scalability,
flexibility, and reliability. This design enables
the seamless integration of new sensor nodes and
network functionality, utilizing open-source
technologies for deployment to ensure future
scalability.

It is estimated that eight more iterations
will be needed to deploy the proposed WSN.
These iterations will include construction of
sensor node prototypes, calibration and testing
of sensor node prototypes in experimental
scenarios, correction of the prototypes, if
necessary, replication of the prototypes to ensure
indoor infrastructure coverage, communication
architecture testing, design and development of
the database and web client, and data knowledge
acquisition.

Finally, the architectural design of the
proposed WSN is based on sensors,
microprocessor,  power  supply, network
infrastructure and communication architecture,
and user interface. Sensors considered to
determine indoor air quality (IAQ) in the
proposed WSN design are the CSS811 (CO2 and
TVOC) and DHT22 (temperature and humidity).
CSS811 is a gas sensor that detects Volatile
Organic Compounds (VOCs), returning a Total
Volatile Organic Compound (TVOC) reading
and an equivalent carbon dioxide reading
(eCO2) over 12C interface (Miller, 2023).

The ESP32 DevKit 1 board by Espressif
was selected as the microprocessor for its small
size and its built-in WiFi capabilities, supporting
both 2.4 GHz and 5 GHz bands (Espressif
Systems, 2023).

FIGUEROA-MILLAN, Patricia Elizabeth, BRICIO-BARRIOS, Elena Elsa,
LUA-MADRIGAL, Olimpo and ARCEO-DIAZ, Santiago. Design of a WiFi
sensor network to identify transmission zones of respiratory diseases through
air quality indicators. Journal of Technological Prototypes. 2023
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Considering that WiFi is the predominant
wireless communication technology in indoor
infrastructures, the network infrastructure
chosen is WiFi. Additionally, the indoor
electrical infrastructure was opted for as the
power supply due to its accessibility.

Moreover, network architecture was
specified following the publish-subscribe pattern
and employing the Message Queuing Telemetry
Transport (MQTT) protocol to exchange
messages between sensor nodes (publishers) and
subscribers from the Internet through an online
server acting as a broker.

The free public broker HiveMQ was
selected for this purpose (HiveMQ, 2023). The
exchange of messages follows a JavaScript
Object Notation (JSON) format. JSON is a
lightweight data interchange format that is easy
for machines to parse and generate and it is
language independent (JSON, n.d.).

This architecture requires the use of a
BaaS for data storage. The Supabase database
was chosen for its open-source nature and its set
of tools to build scalable and secure web
applications. One of the core features of
Supabase is its full Postgres database (Supabase,
n.d.). Considering this, the Streamlit Python
library was included in the WSN architecture
design. Strimlit is an open-source library that
simplifies the creation and sharing of web apps
for machine learning and data science. It
provides an API reference for displaying data
and optimizing performance. Streamlit also
provides a way to connect to Supabase using the
Streamlit Supabase Connector (Streamlit, 2023).

In the following section the architectural
design of an indoor air quality-based WiFi
sensor network for identifying transmission
areas in airborne diseases is presented. This
architectural design is the result of applying the
methodology described earlier.

Results

The design of a WSN based on WiFi was
designed to monitor indoor air quality,
considering temperature, humidity, CO, and
TVOC concentration levels as variables of
interest. This WSN aims to identify potential
indoor areas at risk for the transmission of
airborne diseases.
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The WSN architecture follows a publish-
subscribe model to exchange messages between
the wireless sensor nodes located in indoor areas
and remote clients acting as subscribers from the
Internet.

The publish-subscribe model requires
three entities: publishers, subscribers and a
broker which specifies topics. Topics are logical
channels used to interchange data between
publishers and subscribers; because of this,
topics need to be previously defined in the
broker. Publishers are devices that generate
messages and send them to predefined topics. In
this case, publishers are sensor nodes inside the
WSN which recollect and publish (2) data
correlated with levels of CO; TVOC,
temperature and humidity.

These variables are correlated with indoor
air quality (IAQ). Subscribers are devices that
express interest in specific topics on the broker
through a subscription mechanism. In this case,
the subscriber is a Raspberry Pi on the Internet,
which will insert received messages into
Supabase, part of a backend as a service (Baas)
cloud service.

The broker is a central server that acts as
intermediary ~ between  publishers  and
subscribers, specifying topics needed. It receives
messages from publishers, verifies which
subscribers are interested in the topics of those
messages and delivers the messages to the
appropriate subscribers through a notification
mechanism. This architecture is shown in Figure
2 and its design employs the use of the MQTT
protocol that adheres to the publish-subscribe
model through the implementation of this
pattern.

The communication flow, as illustrated in
Figure 2, follows the publish-subscribe model.
The process begins with an Internet subscriber
subscribing (1) to a specific topic in the free
HiveMQ broker. In this case, the specified topic
is /CO2Net/measurements. Within the sensor
network, each sensor node serves as a publisher,
generating and publishing (2) messages to the
predefined topic on the broker. The broker
receives messages (3) in a JSON format from the
sensor nodes, verifies which subscribers are
interested in the topics of these messages, and
delivers the messages to the appropriate
subscribers using a notification mechanism (4).

FIGUEROA-MILLAN, Patricia Elizabeth, BRICIO-BARRIOS, Elena Elsa,
LUA-MADRIGAL, Olimpo and ARCEO-DIAZ, Santiago. Design of a WiFi
sensor network to identify transmission zones of respiratory diseases through
air quality indicators. Journal of Technological Prototypes. 2023
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The subscriber, the Raspberry Pi in the
architecture, is then responsible for inserting the
received data in the Supabase database (5) to
create a historical record of CO2, TVOC,
temperature and humidity measurements. This
database, based on PostgreSQL, offers an
integrated authentication mechanism and the
necessary APIs needed for storage and data
access.

Finally, a web client developed using the
open-source framework Streamlit will query the
data stored in the database, process it and display
graphics related to the variables of interest,
behavior, historical data, and knowledge
acquisition of potential risk areas for airborne
disease transmission.
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Figure 2 Architectural design of WSN based on WiFi for
Indoor Air Quality monitoring
Source: Own Elaboration
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A critical part of the WSN design is
format exchange of messages because data
format significantly impacts on networks
performance, interoperability, and ease of
integration with other systems. JSON format
offers several advantages in WSN like efficient
data transmission, flexible data structures,
interoperability, and integration with web
technologies.

The JSON schema for transfer 1AQ
involves structuring the data in a clear, concise,
and easily interpretable way (see Figure 3). The
timestamp represents the date and time when
data was sensed; node_mac_id is the unique
identifier for the sensor device generating the
data; node_name is a human-readable name for
that specific sensor device; measurements
include all indicators sensed, such as
temperature, humidity, CO2 and TVOC
assigning each value along with the unit of
measurement.

{
""timestamp’*: 16976515154,

""node_mac_id"":
"C0:49:EF:CC:2C:64",
""node_name"": "Classroom A",
"measurements'’: {
“"temperature™: {
"value™: 26.89,
"unit': "°C"
h
"humidity": {
"value™: 68.5,
"unit™: "%"
h
"CO2"™: {
"value™: 533,
"unit": "ppm"
h
"tvoc': {
"value™: 20,
"unit": "ppb"
}
}
}

Figure 3 JSON format to exchange indoor air quality
indicators
Source: Own Elaboration
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Conclusions

We have presented the design of an indoor air
quality-based WiFi sensor network to identify
transmission areas in airborne diseases,
considering CO., TVOC, temperature and
humidity variables. This design integrates free
and open-access advanced technologies, low-
cost components, representing an innovative
contribution to indoor air quality monitoring
systems with the potential to facilitate timely
interventions based on accurate information and
reduce the risk of airborne disease transmission
in indoor areas.

This  proposal  incorporates  WiFi
technology for seamless wireless
communication, enabling an easy deployment
and data transmission across interconnected
areas. Moreover, it implements the publish-
subscribe pattern and MQTT as the message
transport protocol to ensure a reliable
communication between sensor nodes and data
subscribers, using HiveMQ broke as
intermediary. It leverages robust data storage
and synchronization with Supabase and uses
open-access platforms such as Streamlit for user-
friendly data visualization, ensuring data
accessibility and knowledge acquisition.

As part of our future work, we will
develop sensor node prototypes, the database
and web client. The sensor network will be
deployed in both experimental and operational
environments.

Additionally, a model for knowledge
acquisition about patterns and identification of
risk areas for transmission of airborne diseases
will be specified.
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Abstract

Nowadays most people are not really interested in
weather issues or news about it. However, with the
constant and abrupt climate changes that are
occurring worldwide, it is of great importance to be
aware of the valuable information that a small
weather station can provide in this regard and thus
help the general population to act on climate change.
This project is centered on the fundamentals of
Arduino, which is an open-source electronic platform
that allows you to develop a wide variety of project
options without having expert knowledge in
programming or electronics. Therefore, from some
sensors and a code, a circuit was built capable of
generating meteorological data that can be
understood and used by anyone to know the state of
the weather in a particular location. In short, having
an Arduino as the brain for the manufacturing of a
project can simplify any day-to-day task and allow
the creation of devices that can regulate any process
carried out by human beings.

Meteorological, Climatologic, Arduino, Code,
Circuit, Weather, Station

Resumen

Hoy en dia la mayoria de la gente no esta realmente
interesada en los temas climatol6gicos ni en las
noticias al respecto. Sin embargo, con los constantes
y abruptos cambios climaticos que se vienen
presentando a nivel mundial, es de gran importancia
estar al tanto de la valiosa informacién que una
pequefia estacion climatoldgica puede brindar al
respecto y asi ayudar a la poblacion en general a
tomar medidas sobre el cambio climatico. Este
proyecto se centraliza en los fundamentos de
Arduino, que es una plataforma electrénica de codigo
abierto que permite a desarrollar una extensa
diversidad de opciones de proyectos sin tener un
conocimiento experto en programacién o electronica.
Por lo tanto, a partir de unos sensores y de un codigo
se construyé un circuito capaz de generar datos
meteoroldgicos que pueden ser entendidos y usados
por cualquier persona para conocer el estado del
clima en una locacién en particular. En definitiva,
tener un Arduino como cerebro para la fabricacion de
un proyecto puede simplificar cualquier tarea del dia
a dia 'y permitir crear dispositivos que pueden regular
cualquier proceso que realicen los seres humanos.

Meteoroldgico, Climatolégico, Arduino, Cédigo,
Circuito, Tiempo, Estacion
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Introduction

Meteorology and climatology are areas that
encompass the study of a very important and
dynamic aspect of the human environment such
as climate.

As indicated by the National Institute of
Ecology and Climate Change of Mexico (2018)
"climate is the most frequent state of the
atmosphere of a place on the earth's surface", i.e.,
it refers to the average pattern of atmospheric
conditions in an area during a period of time,
where factors such as temperature, precipitation,
winds and humidity stand out, thus determining
the climate of a place.

There are a large number of weather
stations throughout Costa Rica, each station
must have different elements that help to carry
out an exhaustive analysis of climatological data
from the various cities in which they are located
and thus learn about the climate. This project
seeks to model on a smaller scale a
climatological study station like those created by
the IMN (National Meteorological Institute of
Costa Rica), with the aim of making known, not
only the meteorological data obtained from a
place, but also the importance of these data for
the general population in aspects such as
planning, agriculture and health, among others.

The main problem that this project seeks
to solve is the lack of interest of the population
in knowing about climatological data or events
at the national level. With the constant and
abrupt climatological changes that have been
occurring worldwide, it is of great importance to
be aware of the valuable information that a
project like this can provide. Likewise, the aim
is to develop a low-cost prototype that uses the
Arduino platform as a base and is accessible to
anyone.

Theoretical development

The 20th century was characterised by a great
advance in all the fields where human beings
have developed. This era has been described in
many different ways: the atomic era, the
television era, the computer era, the space era
and the computer era. This shows that the human
species has come a long way in just a few years,
and there is no doubt that in this progress,
informatics, computing and electronics have
played a fundamental role.
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Today, electronics and computers play a
key role in climatology, facilitating the accurate
acquisition of climate data, weather prediction,
climate research and decision making using
available climate information. In the following,
some concepts in the climatological context that
are important to understand will be explained.

The first of these is temperature, which
according to Fisicalab (2023) is defined as: "the
thermal energy of a body", i.e. it is a physical
magnitude that indicates the internal energy of a
body, an object or the environment in general,
and whose measuring instrument is a
thermometer. It is important to know the
difference between temperature, heat and
thermal sensation as these concepts are often
confused.

According to IQR (2021) "heat is energy
that is transiting through a system", therefore, it
is the total energy of the movement of the
particles in a body and depends on the speed of
the particles, number, size and type, while
temperature is the magnitude that measures this
energy. On the other hand, wind chill according
to National Geographic (2023): "describes the
coldness produced by the combination of air and
wind temperature” being the reaction of the
human body to various conditions determined by
the environment.

Consequently, the normal environmental
temperature in warm places is usually taken as
20 to 25 degrees Celsius while in a place with
colder climates it can range from -3 to -57
degrees Celsius.

Another concept is air humidity, which
according to Areaciencias (2023) "is the amount
of water vapour contained in the air" and this is
generated due to the evaporation of water from
seas, rivers, lagoons and plants, among others.
The warmer the environment, the more vapour
will be produced. A favourable environment
should have a humidity of 50-60% and 40% to
70% is considered acceptable. An environment
that is too humid can encourage the growth of
harmful germs and fungi which are harmful to
health and in some cases negatively affect daily
activities. The next concept is the UV index
(UVI) which according to the National
Meteorological Institute of Costa Rica (2023) "is
the measure of the intensity of ultraviolet
radiation on the earth's surface™.

ECHANDI-PACHECO Rodolfo. Development of a prototype of a low-
cost basic climatological study station using the Arduino platform.
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This index is expressed as a value greater
than zero, and the higher it is, the more harmful
it becomes and can cause lesions and damage to
people's skin.

Finally, there is the concept of wind,
which Clima Argentina (2023) defines as "a flow
of air", i.e. the movement of air with respect to
the earth's surface, which originates due to the
difference in pressure between two points, which
causes an imbalance, causing air masses to travel
to points of lower pressure. The wind direction
is never fixed, but rather oscillates around an
average direction which is used as a reference.
Therefore, the eight-directional wind rose will
be considered for accuracy.

Having clear the concepts about climate,
we will explain what is the heart of the project
that was developed, that is, the Arduino.

Figure 1 Arduino UNO R3
Source: https://www.rabtron.co.za/arduino/8382-
arduino-uno-r3.html

The Arduino, as shown in Figure 1, is one
of the most popular boards in the world when it
comes to building electronic circuits. Another
quite similar board on the market is the
Raspberry Pi, but the Arduino differs in that it
offers an open hardware base so that other
manufacturers can make their own boards.

In general terms, the Arduino is a
platform for building electronic circuits that is
based on free, flexible and easy-to-use hardware
and software (Torrente, O., 2013).

This platform makes possible the
creation of different types of circuits by means
of a single board with which different
applications can be developed according to the
use that is needed.
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As mentioned above, Arduino is a free
platform, since at the hardware level it is a
device whose specifications or diagrams are
publicly available, so any person or company
can duplicate them. This means that Arduino
explicitly offers the basis for anyone to create
their own boards, all of them being different
from each other, but created from a base that is
the same.

With regard to free software, we are
talking about programmes whose code can be
modified, used and distributed by anyone who
needs it, without having any problem with the
original author (Zamora, 2016).

Likewise, Arduino has the Arduino IDE
platform, through which there is access to a
programming environment that makes it
possible for anyone who wants to create
programmes for Arduino boards, so that they can
be given all kinds of utilities.

Methodology

In order to create the prototype of a basic low-
cost weather station, the following electronic
elements were necessary and were used as
primary inputs or instruments in the construction
of the circuit:

- 1 Arduino UNO board

- 1 protoboard

- 1 DHT22 temperature and humidity
sensor

- 1 anemometer

- 1 UV sensor SI11145

- Battery holders

- LCD display

- Cables and resistors

This prototype presents the proposed
creation of a basic weather station that allows the
measurement of climatological data such as
temperature, humidity, UV index and wind
speed, so that anyone can keep more informed
about the various weather changes that occur
during the day in a specific place. The collected
data can be stored and used for reporting, various
climate studies, statistics and monitoring among
others.

ECHANDI-PACHECO Rodolfo. Development of a prototype of a low-
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As mentioned above, during the
operation of the station, basic data on the current
and real-time weather condition will be obtained
in the following units of measurement: the
ambient temperature displayed in degrees
Celsius, the humidity displayed in g/m3 (grams
per cubic metre), the UV index in IUV and the
wind speed in metres per second (m/s).

It is important to note that for a good
performance of the weather equipment there
must be optimal conditions, such as, a place with
good lighting, direct contact with sunlight for the
correct measurement of UV rays and good
access to the wind stream, this in order to obtain
more accurate data.

The main objective of obtaining data
through a basic low-cost weather survey station
with Arduino is that it can be a beneficial tool to
improve daily life by providing up-to-date and
relevant information about the weather, allowing
people to make more informed decisions and
adapt their actions in a better way, for example,
in optimising irrigation and gardening or in
having a better environmental awareness. The
complete prototype of the circuit is detailed in
figure 2.

Figure 2 Developed circuit
Source: Own Elaboration

Next, it is specified how the prototype
was assembled and an explanation of each of the
elements used:

Firstly, since the aim is to make a
portable device, two 9V batteries must be used
in their respective supports.
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One of them will be used to power the
Arduino directly and the other will be used to
power the anemometer (element that will be
explained later), as it needs a current of between
7V and 24V for its operation. Figure 3 shows an
example of the battery holders.

Figure 3 9 V Battery Support Boxes

Source: https://www.amazon.com/-/es/almacenamiento-
pl%C3%Alstico-duradero-interruptor-
encendido/dp/BO7N2NW5SM

Also, among the components, a 20x4
LCD display was used, which has the i2c
technology, which means Inter Integrated
Circuit that facilitates the connection of multiple
chips, their communication and coupling.
Therefore, this LCD display must be connected
to the SCL, SDA, 5v power and finally to
ground. Additionally, the "LiquidCrystal _12C"
library will be used in the Arduino code to
manage the display.

Also, because multiple connections will
be made to the aforementioned ports, a
breadboard was used to manage these lines. This
means that wires were taken from the Arduino
directly to the breadboard and from there a
distribution will be made to the different
elements used.

For temperature and humidity, the
DHT22 sensor was used and specifically a
variant of this that is designed for connection to
the Arduino and does not need an additional
resistor. This sensor has three pins, 3.3 to 6v
current, ground and digital data output. This data
pin is connected directly to the Arduino via one
of the digital terminals. To read and understand
the data, the "DHT" library will be used, which
extracts the information in different functions,
facilitating programming.
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For the project we also used a UV sensor
SI1145 Digital, manufactured by Adafruit,
which measures the UV index that allows us to
know the intensity of ultraviolet radiation
derived from the sun on the earth's surface,
which has the same technology as the LCD
screen, therefore, this will be connected in the
same way as the screen. Taking advantage of the
use of the breadboard, the pins of this sensor are
connected to the corresponding lines on the same
breadboard. Unlike the other sensors, this one
requires 3.3V of current and will not be
connected to 5V to avoid overheating or possible
damage to the chip. Also, this chip has extra pins
that will not be used in the project.

Finally, an anemometer was used to
measure wind speed. This requires a 9V input to
operate, so it will be connected directly to a
battery. It has two more wires, a ground which
must be connected to the battery ground and also
to the ground of the Arduino so that it can get the
data correctly and an analog data output that will
be connected to one of the analog pins on the
Arduino, this works according to the voltage of
the anemometer and will be the wind speed at the
moment. For this conversion from voltage to m/s
a mathematical formula will be used directly in
the programming of the Arduino.

Once the meteorological data has been
obtained and processed by the Arduino through
the programming, it will be displayed on the
LCD screen so that the user can visualise it

properly.
Results

The results obtained with the three sensors used
within  the system reflected an optimal
performance within the system and this was of
great benefit for the good performance of the
entire circuit.

Thanks to the development of the project,
a functional prototype was obtained that meets
the proposed objectives. The prototype shows
the different data collected by the sensors,
making their respective conversions so that the
user can understand them. In addition, an LCD
screen was used to display this data, which
facilitates the use and interaction with the user.
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The first results that were observed were
obtained through the use of the UV index sensor,
which has detection elements that can measure
almost any type of light allowing a very precise
UV index to be calculated, as shown in figure 3.

L

Figure 3 Use of the UV index sensor
Source: Own Elaboration

With regard to the temperature and
humidity sensor, it should be noted that it is a
very versatile and precise sensor, as it has a very
compact design and internally has a small
integrated circuit, as well as a capacitive sensor
that allows humidity and temperature
measurements to be taken, as shown in figure 4.

Figure 4 Use of temperature and humidity sensor
Source: Own Elaboration

On the other hand, an anemometer was
used to measure the wind speed, which generates
the necessary information so that the wind speed
can be calculated by programming the Arduino.
Figure 5 shows the anemometer used.
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Figure 5 Use of temperature and humidity sensor
Source: Own Elaboration

Finally, on the LCD screen and after
making the necessary calculations in the
Arduino programming, all the data measured by
the basic weather station were displayed in a
simple way for the user, as shown in figure 6.

Jur 8.z

Humedads
Tetrel®atL
Uelocidad

Figure 6 LCD display with measured values
Source: Own Elaboration

Consequently, quite a few lines of code
were used in this system, as it had to control
electronics elements that not only have
programming, but also mathematical formulas
for precise calculations. All the code was written
in the C++ language, which is very similar and
contains many of the same functionalities as the
Java programming language. In general terms, it
can be said that all the proposed objectives were
met, as the whole system worked satisfactorily.

The use of this type of circuitry for the
construction of a basic weather station with
Arduino can help people now that climate
change has become a global concern.
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These basic stations allow the collection
of accurate data on temperature, humidity and
wind among other climate parameters, thus
contributing to easy environmental monitoring.
They also raise awareness about the importance
of understanding and addressing climate
challenges, empowering individuals and
communities to take informed and responsible
action to preserve our planet.

Conclusions

It can be concluded that the prototype obtained
from the implementation of the different
knowledge acquired meets the expectations. The
development of this led to the creation of a
device that can be of great help for remote
places, where more accurate instruments are
required for climate measurement or to educate
and arouse the curiosity of different people who
are unaware of these two areas and how a device
intertwines them.

As for the device itself, more people are
urged to improve the prototype so that it can be
more efficient or get more functionalities. The
room for expansion of the project is quite large
as ingenuity can lead to better prototypes with
the addition of new sensors.

By automating a weather station with
Arduino, the collection of weather data is
significantly improved, facilitating research,
informed decision-making and efficiency in a
wide variety of weather-related applications.
Furthermore, it is important to keep in mind that
the use of this technology is a great help to work
better anywhere, or in case you want to
implement a system that helps to perform
different tasks at home in a simpler way, as its
use is growing more and more.
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Abstract

As petroleum derivatives, products formed by butane and
propane gases require special handling in their industrial
and residential use. The accidents linked to these pose
potential threats to health and in general to users as a result
of fires, explosions, burns and poisoning that can gradually
represent death. The leakage or escape of these gases
represents the greatest indicator for some type of event to
occur; Due to this, the technological development of a
device that integrates home security elements with a
mechatronic  system capable of detecting the
concentrations of various gases through the reading of an
Arduino software, considering as factors, the composition
parameters of propane, methane, alcohol and hydrogen, as
well as concentration and toxicity for humans in a given
space, is presented. Its integration is based on the research
of various theoretical and scientific resources to improve
the quality of life, with the purpose of guaranteeing the
health and safety of the inhabitants and users of devices
linked to the use of gases.

Home Automation, Technological Development,
Housing Security, Gas

Resumen

Como derivados del petroleo, los productos formados por
gases butano y propano, requieren manipulacion especial
en su uso industrial y residencial. Los accidentes
vinculados a estos, suponen amenzas potenciales para la
salud y en general para usuarios por consecuencia de
incendios, explosiones, quemaduras e intoxicaciones que
pueden en niveles graduales, representar la muerte. La
fuga o escape de estos gases, representa el mayor indicador
para que se geste algln tipo de evento; debido a esto, se
presenta el desarrollo tecnoldgico de un dispositivo que
integra elementos de seguridad en el hogar con un sistema
mecatrénico capaz de detectar mediante la lectura de un
software Arduino, las concentraciones de diversos gases,
considerando como factores, los parametros de
composicién de propano, metano, alcohol e hidrégeno, asi
como concentracion y toxicidad para el ser humano en un
espacio determinado. Su integracion se basa en la
investigacion de diversos recursos teoricos y cientificos
para mejorar la calidad de vida, teniendo como propdsito
garantizar la salud y seguridad de los habitantes y usuarios
de dispositivos vinculados al uso de gases.
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Introduction

The areas of home automation combine
technical fields related to sensors and
measurement, actuation and actuation systems,
as well as systems with microprocessors,
allowing the analysis of systems and operations
with the purpose of controlling and modifying
the environment, providing comfort and security
so that it is stable, the latter being that which
allows living in a pleasant, quality environment
(Bolton, 2017).

One of the fundamental elements of
home automation is security, with which it is
possible to protect the well-being of the person
and all their personal property by applying
electronic systems that act as receivers of a
signal through sensors that cause a response
through actuators, such as a warning, an alarm or
a text message to the user that notifies changes
in a space that may be dangerous, such as the
presence of chemicals or temperature changes
(CENAPRED, 2021).

The security system is integrated by
means of sensing devices. A sensor is a device
capable of detecting different types of materials
in order to send a signal and allow a process to
continue or detect a change depending on the
case. The use of sensors is essential for the
development of systems, as any system requires
an interface with the real world that may require
users to enter data, measure variables or perform
certain actions with the help of programming
and electronics (Abarca, Corona, Mares, 2014).

Statistics linked to accidents resulting
from gas leaks show that between 2003 and
2011, 142 disasters occurred in Mexico, with an
average of at least 15 accidents per year.
Considering that between 2012 and 2017, 399
events were recorded with an average of 66
accidents per year, the increase is 280%
compared to the previous period. Between 2018
and 2021, another increase in the number of
accidents is recorded, reaching 813 events, an
average of at least 203 accidents per year, which
represents an increase of 203% over the previous
time interval (CENAPRED, 2021).
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Technological development, shown as a
proposed solution that is aligned with
Sustainable Development Goal 9, denotes
innovation as necessary to generate projects that
impact society and promote the development of
nations (UN, 2016); in this way, the construction
of a mechatronic device is considered, which
involves sensors to detect dangerous and emit a
signal to alert users to the leak, it is also
considered to send an instruction to
automatically close the flow of this, avoiding
possible accidents, environmental damage or
human and economic losses.

Theoretical Basis
Programming

Considered the main tool to carry out actions in
the operation of actuators, programming consists
of precise and detailed instructions in a coded
language, so that a computer or a microcontroller
can perform a specific task. It is stored in a
microcontroller that is responsible for executing
the indications assigned to it, an example of
microcontroller is the Arduino UNO (Juganaru,
2014). This microcontroller is made up of a
reprogrammable board that has a series of female
pins (inputs and outputs) that allow connections
to be established with different sensors and
actuator modules that are compatible, such as the
MQ2 gas sensor, efficient in establishing
connections in Arduino (Diaz, 2019).

Digital systems

A digital system has diverse applications, such
as monitoring sensors in real time, providing
greater security by alerting users about the
designated space to be monitored, control of
variables such as temperature, humidity or air
quality. The HC-05 module is a component that
can be used in circuits and systems to send
signals remotely via Bluetooth; it is used in a
master and slave configuration, which means
that different Bluetooth modules or devices can
be interlinked with each other in order to
communicate and send information to each other
(Flores, Pérez, Villalvazo and Yepez, 2019).

The device is responsible for sending the
data received by the sensor through the HC-05
module and is received by the application with
which the previous module was previously
linked, resulting in accurate monitoring at a
current time.
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Housing security

Security, understood as the possibility of
protecting the welfare of people and all their
personal property, can be applied through home
automation, which is characterised by the ability
to provide security in the home by monitoring in
real time a designated area of a space, room or
the entire space, as this by performing
automation  processes, executes  specific
instructions such as on, off, cut or open flow
leading to the neutralisation of detected risks,
such as gas leaks, which would lead to a closure
of the source or deal dissipation.

In this context, the problems that may
arise depend on the time of exposure to the gas
and the percentage of oxygen being breathed,
with respect to 20-40% representing danger with
consequences such as vomiting or nausea, above
that percentage, 50-60%, much more severe
problems are determined, such as coma,
convulsions and irregular breathing; above those
percentages, the consequence is death.

Methodological basis

The general objective presented for this
technological development is to build an
automation system that autonomously detects
different concentrations of gases through the
reading of an Arduino software which allows to
increase the levels of safety in the home in the
event of poisoning.

This device integrates different branches
of mechatronic engineering, which is a
discipline that combines the principles and
methodologies of mechanical engineering,
electronic ~ engineering and computer
engineering to design, develop and control
complex systems that involve mechanical,
electronic and computational components.

The technological development is based
on a methodology of its own creation, based on
mechatronic knowledge; it presents a mixed
research approach and explanatory information
management (Hernandez, 2014), which involves
programming a gas detector alarm using the HC-
05 module, as well as its implementation in an
electronic design software such as Proteus and
integrating this circuit into a security system that
allows the user to see the status of the sensor in
real time.
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Methodology

The systematically implemented methodology is
expressed in nine phases, which individually
pursue specific scopes. The first phase deals with
the design of the prototype where it is proposed
to create a preliminary model of the security
device. The second phase explains how to
simulate the prototype in software, obtaining
detailed images of the device by designing a
technical drawing.

The third phase involves making the
electrical connections, in this phase the electrical
circuit is developed, and phase four covers the
analysis of the logical sequence of the code to be
designed and its programming. Phase five
proposes adapting the device with an application
that allows the gas detector to be linked to the
user's mobile phone. Phase six involves carrying
out an analysis in order to determine the most
suitable materials with respect to the simulation
developed.

In phase seven, the assembly of the
electronic circuit and the housing acquired in the
previous phase is determined in order to
physically identify the device to be built. In
phases eight and nine, the activities concentrate
on the necessary tests with the assembled device,
so that it is possible to find faults that
compromise the operation of the detector, with
the purpose of improving it and making final
adjustments, so that it is optimal and works
correctly.

In summary, it is about designing the gas
detector device through the use of electronics,
programming and control, determining the best
components so that its operation is optimal and
adequate when used in a hazardous situation in
multiple environments.

Development

The design of the gas detector was simulated
using AutoCAD software, which also allowed
the selection of electronic components, tools and
materials ~ for  manufacturing,  specific
measurements were calculated, greater precision
in the traces and aesthetic details were
established.
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Figure 1 3D design of the gas detection device
Source: Own Elaboration

With the electronic components a
diagram of connections was made to show
continuity, with the simulation software Proteus,
also simulated the operation of the circuit to
make physical connections and assemble the
components that were selected, a key element for
the operation of the gas detector was the Arduino
UNO microcontroller.

Figure 2 Gas detector circuit implemented in Proteus
Source: Own Elaboration

Once the connections were ready, a logic
analysis was carried out to establish parameters
and assign outputs and inputs of the
microcontroller in the programming used to
carry out the operation of the detector. Once the
analysis was finished, the programming began,
based on and taking into account what was
established in  the logical  analysis,
simultaneously  the  behaviour of the
programming was tested to verify and correct
any errors; the microcontroller was entered with
the circuit already assembled, which allowed
testing and verifying that the parameters to
detect the gas were correct, finally only some
changes were made to the parameters to detect
the gas, making it more sensitive and allowing
better operation.
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With the programming ready, a
compatible application was generated and it was
ensured that its operation was via Bluetooth, to
link it with the circuit of the gas detector and
perform tests to verify that the operation of the
application and the circuit were correct.

Assembling the device, based on the
designs made in AutoCAD, was considered in
the final stages; the assembly was made with
resistant materials to avoid any damage to the
gas detector, tests were carried out to verify that
it did not present any fault with the operation of
the detector.

Finally, some adjustments were made to
the sensor and the final design, where all the
selected electrical components were distributed
and some aesthetic details were given to the
product, resulting in a gas detector capable of
operating via Bluetooth that provides greater
security in the user's home.

The alarm system is based on the MQ2
sensor which is made of tin dioxide, and works
as a variable resistor that changes its resistance
depending on the amount of gas it is exposed to
because the conductivity of the sensor is higher
along with the concentration of gas which is
interpreted by the microcontroller to determine
if the amount of gas has exceeded the set limit, it
executes a series of commands: change the
colour of the LED to red, display a hazard
warning in the application as well as on the LCD
of the device, additionally starts an audible alert
and the switching on of the ventilation system.
(Correa 'y Zavala, 2020)

Figure 3 Device functioning properly
Source: Own Elaboration
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Figure 4 Rear of gas detector device, buzzer and fan
Source: Own Elaboration

Results

The results showed that the sensor should be left
to calibrate for the first few seconds in order to
obtain sufficient temperature to take better gas
readings. Once this time has elapsed, the sensor
works as described above, which consists of
having the measurement on the front of the
sensor, as well as a text indicating that
everything is correct, and a green LED that helps
to visualise that everything is in order.

Figure 5 Actuators of the device when no gas is detected
in the environment
Source: Own Elaboration

When the gas concentration increases the
red led lights up, the sensor screen shows a
danger alert, as well as the application, and a
buzzer starts to be heard to alert audibly, also
starts the ventilation system that is responsible
for evacuating the gas, and when the
concentration of chemicals decreases, the sensor
returns to its initial state.
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Figure 6 Actuators of the device when gas is detected in
the environment
Source: Own Elaboration

Conclusions

The creation of the device was done with the
purpose of innovating an electronic device that
detects different concentrations of gases using
C++ programming language, implemented in
Arduino as the software in charge of the
interpretation of data according to the MQ2 gas
sensor. Several searches were carried out on the
properties and characteristics of the sensor to use
its maximum detection capacity, in such a way
that it was possible to analyse different gases
found in the environment, thus alerting the user
about the imminent danger that these gas
concentrations represent, avoiding intoxication
and increasing safety levels in the home.

The use and application of a gas detector
sensor is essential in different environments,
whether domestic or industrial, as it reduces the
risk of poisoning, poisoning or explosions that
endanger the integrity of people and
infrastructure exposed to flammable or toxic
chemicals, as the gas detector alarm provides
greater security, energy efficiency, automation,
comfort, through the system installed inside a
home  or  building, integrating  the
implementation of microcontrollers as a system
of purification of gases in the environment, since
this sensor has a LCD screen (Liquid Crystal
Display) that its function is to quantify the
concentration of gas, which when exceeding the
preset parameters starts with an alarm that can be
displayed on the LCD also starts a sound signal
and the lighting of a warning LED that has
increased the reading of chemical agents.
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Also linked the gas sensor with an
application that can be synchronized by standard
radio frequency wireless communication of 2. 4
GHz wireless communication, as well as the
control of a brushless ventilation system to avoid
the presence of a spark that could generate an
ignition of the chemical substance suspended in
the air.

For this innovation we sought to
introduce innovations, improvements and
significant changes to improve the efficiency of
the sensor, which is why we chose to implement
an application that by means of Bluetooth
communication to the serial communication
terminal, which allowed real-time data
transmission of the variation in the reading of the
concentration of the gases that were captured in
the environment where the gas detector was
placed, In addition, this alarm can be
synchronised with the appropriate programming
to a Wifi module (Wireless Fidelity) to increase
the scope of gas concentration reading, this with
the intention of warning in advance of any
disaster or accident that may claim the lives of
people or property, seeking to minimise the
dangers that this represents, thus allowing
preventive measures to be taken.

The characteristics of this device is that it
uses an Arduino Uno microcontroller, a
Bluetooth HC-05 module, a buzzer and two LED
diodes, the latter two protruding from the box
containing the microprocessor. It also has a 16x2
LCD, an MQ-2 sensor capable of detecting
smoke, hydrogen, alcohol and propane, as well
as a power cable that is placed in the area to be
inspected.

The problem to be solved is based on
safeguarding the lives of people and their
surroundings, whether in a domestic or industrial
environment, since the accumulation of certain
gases can cause poisoning, fires or even
explosions that mean human as well as economic
losses. The leaks that the sensor can detect, such
as butane, represent great risks for people and
industry. The central hypothesis is that the
prototype will demonstrate certain sensitivity
and precision in the detection of specific gases in
the environment, providing a rapid response to
the presence of dangerous concentrations or
outside the established limits, which will
contribute to the safety and prevention of risks in
different environments.
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The gas detector was developed in order
to provide greater safety in the user's home by
avoiding any type of poisoning or any dangerous
situation that will be caused by a gas leak.

The continuity of this technological
development, establishes the protection and
implementation in pilot space within the
facilities of the Technological Institute of San
Luis Potosi.
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