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Abstract. Health risks caused by air contamination have become increasingly worrying, espe-
cially when it comes to indoor air quality (IAQ), where there is a lot of concentration of gases
such as carbon monoxide (CO), carbon dioxide (CO2) and volatile organic compounds (VOC),
and it is where people spend the most part of the day. With that in mind, this article presents a
research that is being done in the area of intelligent building automation, which aims to develop
an TAQ monitoring and control system using internet of things (IoT) technology. For this, some
sensor modules will be connected, such as the BME680 and the AMBIMATE MS4, to the ESP32
microcontroller that will send the collected information to the monitoring and data storage plat-
forms using the Message Queuing Telemetry Transport (MQTT) data exchange protocol through
of the Node-RED online tool. With this device, in addition to being able to monitor the internal
parameters of the environment where it is installed, it will be possible to detect any adversity
that may arise in the place and providing autonomously an output signal that can trigger an
actuator capable of stabilizing the system, that is, without the need for any human action.
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1 Introduction

The increase of pollution in urban areas has become increasingly worrying. According
to the World Health Organization (WHO) it is estimated that more than 90% of the
world’s population breathes polluted air [12]. People spend most of the time in closed
environments, whether at home, at school or at work, where they are often exposed to
substances that are harmful to health such as CO, CO4 and VOC [9], so the control of
[IAQ is very important.

This article presents a research that is being carried out with the aim of developing
a device that is able to monitor and control air quality and safety parameters inside of
smart buildings, as well as temperature, humidity, pressure, CO5, VOC, among others,
in order to promote a better quality of life for people who suffer from health problems
caused by poor air quality.

2 Related Works

[oT technology and building automation has been important themes in academic re-
search in recent years, in this section, the studies being carried out in the areas of IoT



and smart buildings will be presented and evaluating what has already been done, in
order to show the value of this work in relation to this area of research.

In table 1 query results from Google Scholar, IEEE Xplore™ and ScienceDirect using
kewords like IoT, Smart Buildings and Monitoring Systems are presented. Only results
from 2017 onwards were considered.

Table 1: Results of systematic literature review.

Key words Google Scholar[TEEE Xplore™|ScienceDirect

ToT 218 000 37 162 20 373

Smart Buildings 409 000 8 969 47 377

Monitoring Systems 959 000 56 128 691 069

IoT and Smart Buildings 16 800 595 6 852

IoT and Monitoring Systems 43 000 6 887 13 097

Smart Buildings and Monitoring Systems 17 600 483 23 943
IoT and Smart Buildings and Monitoring Systems 17 000 187 5 445

The data presented in the table 1 show that there is a large number of research being
developed on the keywords, even when looking only for studies that involve the whole
set (IoT and Smart Buildings and Monitoring Systems). However, most of this mate-
rial only develops the monitoring of parameters present in buildings and only a small
portion of the studies present an application of control and action on the data collected
by the sensors responsible for monitoring. In [10] is presented an Internet of Things
(IoT) based smart controlling system to save electricity consumption of air condition-
ers, including smart meter, smart gateway, and cloud computing modules that is able
to realase the monitoring in the real-time. In [6] several arguments are presented for the
introduction of IoT systems in order to assess the environmental quality of buildings.
The architecture proposed by the authors constitutes a set of integrated sensors, capa-
ble of measuring ambient temperature, humidity, atmospheric pressure and detecting
volatile organic compounds. This group of sensors was connected to a microcontroller,
which periodically sends the sensor data to a server, making it possible to access the
collected data from a web portal. The tests performed were in a laboratory environ-
ment, similarly to what is being done in this proposed work, however, in the evaluated
article, performances in the environment were not demonstrated. As the ability to act
in the environment is an essential component of a flexible and robust IoT architecture,
in the proposed work, it is expected to present at the end of the work a control system
capable of sending output signals to actuators as needed by the system.

3 Research proposal

This work aims to develop a module capable of monitoring IAQ and fire, through
information stored in a database, apply machine learning techniques in the system
so that it can recognize possible adversities present in the parameters that are being
measured and in response, emit an output signal that can be routed to an actuator.

The research material developed so far is presented below, as well as the proposal of
what is still intended to be developed.
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3.1 Work development

Figure 1 presents an overview of the system comprising the IoT module, sensors, ac-
tuators, communication protocol, cloud storage system and data analysis system. The
sensors used for TAQ monitoring will be the BMEG80, a 4-in-1 digital sensor measur-
ing gas, humidity, pressure and temperature [2], and the AMBIMATE MS4 module,
used to detect characteristics of indoor environments, uses a set of sensors capable of
measuring temperature, humidity, ambient light, motion, VOC and CO, [11]. For fire
monitoring, the MQ5 gas sensor for smoke detection [13] and an IR sensor that uses a
highly sensitive infrared receiver to detect the flame spectrum will be used.

The parameters measured by the sensors are read by ESP32, a high-performance,
low-energy microcontroller that features a low-power microprocessor, 52 kB RAM and
built-in flash memory, as well as support for WiFi and Bluetooth networking [4]. The
architecture of this device allows it to be programmed independently, without the need
for other microcontroller boards like Arduino [1], for example.
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Fig. 1: System architecture.

In figure 1 the communication protocol responsible for the exchange of informa-
tion between the microcontroller and the monitoring and data storage platforms is the

MQTT (Message Queuing Telemetry Transport Protocol), a standard Publisher /Subscriber

messaging protocol, widely used for Machine-Machine (M2M) communications in ToT
contexts, due to its easy implementation [7]. This protocol was chosen for the devel-
opment of the work considering that the program used to implement the control rules,
Node RED, an open source tool used to connect devices and online services [3], already
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had a node referring to the MQTT , semi configured, making it the most practical
choice. Information sent to Node-RED via MQTT is stored in InfluxDB, a database
optimized for fast storage and availability for retrieving data from IoT sensors and
real-time analytics [8].

The monitoring of the parameters being measured is done through Grafana [5], a data
analysis web application used to create monitoring panels, often used in combination
with time series databases, such as influxDB.

While the database does not have enough information to be used, machine learning
methods will be studied in order to obtain a system capable of recognizing any adversity
that may arise in the environment being monitored and providing an output signal that
can trigger an actuator capable of stabilizing the system.

4 Conclusions and future work

As new technologies emerge in the areas of IoT and automation, it is possible to de-
velop monitoring systems that are increasingly cheaper, simpler and more effective. The
results of the present study show that many low-cost sensors have the potential to be
used to provide a safe indoor environment. Projects like this have increasingly shown
the importance of this area of research in people’s quality of life.

The work presents a sensor module for monitoring IAQ and fire where the infor-
mation collected will be stored in a database and later will use machine learning to
implement the control part of the system.

References

1. Arduino: The open-source electronics platform based on easy-to-use hardware and software, 2021. [online],
Available: https://www.arduino.cc/[Accessed: 05-Jun-2021]

2. BOSCH: BMEG680. Low power gas, pressure, temperature and humidity sensor (072017), https://
cdn-shop.adafruit.com/product-files/3660/BME680.pdf, rev. 1.0

3. Havard, N., McGrath, S., Flanagan, C., MacNamee, C.: Smart building based on internet of things
technology. In: 2018 12th International Conference on Sensing Technology (ICST). pp. 278-281 (2018).
https://doi.org/10.1109 /ICSensT.2018.8603575

4. Kodali, R.K., Valdas, A.: Mqgtt based monitoring system for urban farmers using esp32 and raspberry pi.
In: 2018 Second International Conference on Green Computing and Internet of Things (ICGCIoT). pp.
395-398 (2018). https://doi.org/10.1109/ICGCIoT.2018.8752995

5. Labs, G.: Grafana - the open platform for analytics and monitoring, 2019. [online], Available:https:
//grafana.com/. [Accessed:03-Jun-2021]

6. Marques, G., Pitarma, R.: An internet of things approach for environmental quality management and
laboratory activity support. In: 2019 14th Iberian Conference on Information Systems and Technologies
(CISTI). pp. 1-6 (2019). https://doi.org/10.23919/CISTI.2019.8760876

7. Naik, N.: Choice of effective messaging protocols for iot systems: Mqtt, coap, amqp and
http. In: 2017 IEEE International Systems Engineering Symposium (ISSE). pp. 1-7 (2017).
https://doi.org/10.1109/SysEng.2017.8088251

8. Okwuibe, J., Haavisto, J., Harjula, E., Ahmad, I., Ylianttila, M.: Sdn enhanced resource orches-
tration of containerized edge applications for industrial iot. IEEE Access 8, 229117-229131 (2020).
https://doi.org/10.1109/ACCESS.2020.3045563

9. Sharma, P.K., De, T., Saha, S.: Iot based indoor environment data modelling and prediction. In: 2018
10th International Conference on Communication Systems Networks (COMSNETS). pp. 537-539 (2018).
https://doi.org/10.1109/COMSNETS.2018.8328266

23



10.

11.

12.

13.

Song, W., Feng, N., Tian, Y., Fong, S.: An iot-based smart controlling system of air conditioner for
high energy efficiency. In: 2017 IEEE International Conference on Internet of Things (iThings) and IEEE
Green Computing and Communications (GreenCom) and IEEE Cyber, Physical and Social Computing
(CPSCom) and IEEE Smart Data (SmartData). pp. 442-449 (2017). https://doi.org/10.1109/iThings-
GreenCom-CPSCom-SmartData.2017.72

TE Connectivity: AmbiMate Sensor Module (06 2019), https://www.rlocman.ru/i/File/2018/12/22/
MS4.pdf, rev. L

WHO: How air pollution is destroying our health, 2018. [online], Available:https://www.who.int/
air-pollution/news-and-events/howair-pollution-is-destroying-our-health.

Winsen: MQ5 GAjs  Sensor (03 2015), $www.terraelectronica.ru/pdf/show?pdf_file=}252Fz)
252FDatasheet’%252FW)252Fwinsen_mq-5.pdf$, version: 1.4

24



