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Abstract: As the transportation sector continues to expand rapidly, more focus has been placed on ensuring that air quality is being
monitored, however existing monitoring tools are limited in their ability to provide precise data in real time at an economical cost. In this
paper, we intent to provide a framework for creating an indoor air quality monitoring tool that makes use of both the Internet of Things
(loT) and edge computing. The proposed approach enables sensors to collect data on the air quality in real time and transfer it to an edge
device, which then does the required processing and analysis. In the end, the 10T and edge computing combine to deliver a more rapid and
efficient way of collecting data and processing. In most cases, edge computing handles real-time data processing, which helps to minimise
the amount of delay and congestion in the network. Therefore, this enables a better user experience and more productivity.
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1. Introduction

Due to the enormous influence on human health, safety, and
comfort, air quality is one of the most important metrics to monitor
in real time for current urban environments [1][2]. Various
systems, rules, and standards have been set up in different
countries to track changes in air quality and provide warnings to
people [3]. Although this information is only applicable to outside
situations, the majority of the measurements are stationary and
only acquire average values [4]. However, the quality of the air is
variable in real time and may be affected by a variety of factors,
such as the wind direction, the population density, the
concentration of pollutants, and whether or not the location is an
outdoor or indoor environment [5-6] [3].

In the past, air quality monitoring stations have been inconvenient
in size and expensive to construct and maintain. However, the
statistics concerning the air quality that are produced by these
stations are quite precise. There has been an attempt to find
alternatives that are both effective and economical [7] [2]. The
Internet of Things (loT) is a kind of technology that is gaining
interest in both the marketplace and the academic community [8].
In this paper, we propose a framework for air quality monitoring
that makes use of an edge computing approach. In this article, we
take a close look at the framework, challenges, and opportunities
involved in developing and implementing an integrated sensor
node for monitoring indoor air quality. The purpose of this project
is to build a tool for monitoring air quality that makes use of edge
computing, with the goal of ensuring accurate measurements at the
most affordable cost. The remainder of the paper is structured in
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the following manner: Section 2 provides the background
information. The proposed work is outlined in Section 3. In Section
4, some challenges and open issues are addressed. The conclusion
is presented in Section 5.

2. Background

The environment is becoming more polluted as a direct result of
the fast expansion of the industrial sectors and the urbanisation of
society, to the point that it is interfering with the people’s normal
day-to-day activities. The term “environmental pollution” refers to
a wide category of problems that may affect the atmosphere,
waterways, and landscape [1] [9-10]. When it comes to harming
human health, air pollution stands out as the most pervasive of all
these factors. A significant amount of work has been put into
monitoring the air in an attempt to lessen the negative effects that
pollution in the air has on humans, as well as on the global
environment and the worldwide economy [11-12].

Depending on the setting, air quality monitoring systems are either
designed to detect and report on interior air pollution or outdoor air
pollution. The term “outdoor air pollution” refers to the
contamination of the atmosphere in open spaces and industrial
settings. In contrast, “indoor air pollution” occurs in enclosed
settings such as homes, offices, basement shopping malls, public
transport, and vehicle interior compartments [12-13].

The air quality index (AQI) is a quantitative representation that
serves as a benchmark for measuring the quality of the air. Fine
particulate matter (PM2.5), inhalable particles (PM10), sulphur
oxide (SO2), nitrogen oxide (NO2), ozone (0O3), carbon dioxide
(C0O2) and carbon monoxide (CO) are the pollutants that can be
detected The units of measurement used for PM2.5 and PM10 are
micrograms per cubic metre (ug/m3), CO and CO2 is expressed in
parts per million (ppm), while SO2, NO2, and O3 are expressed in
parts per billion (ppb) [14-15].

Recent studies reveal a shift in the direction of a new approach for
air monitoring systems, in which inexpensive sensor-based models
contribute in the detection of the dispersion of air pollutants [16].
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The widespread availability of wearable sensor nodes has made it
possible for individuals to assess their own vulnerability to
environmental hazards. According to the findings of recent
research, there have been a variety of approaches that have been
used for assessing the quality of the air. They are primarily divided
into two kinds, either mobility based monitoring or immovable
based monitoring [3] [17].

Some of previous research where [18] proposed an edge computing
air quality tool by measuring data generated from PM2.5 sensors.
The proposed approach incorporated the federated compressed
learning (FCL) framework with compressed data obtained from
edge device and aggregate the data to the server using Wi-Fi and
ZigBee. Despite the proposed approach has slightly achieve lower
accuracy, the author has outline to further extensive work.
Besides, [19] proposed using an edge computing system that
included cloud technology in order to monitor air quality. The
system is built on a Raspberry Pi that serves as an edge computing
device and exchanges data with the Microsoft Azure cloud. The
results of this research illustrate how useful an edge-based solution
can be when intended with the responsibility of determining the
degree of air pollution in a specified locality. On the other hand,
the author also presented the idea of integrating LoRa
communication technology for long distance transmission as a
prospect to improve in future.

According [20] a low cost air quality monitoring system by
measuring the concentration level of gasses with time, date, and
location information was presented. The proposed system
incorporates ZigBee module to transfer the data generated by
sensors. The findings of the tests indicate that the proposed system
is capable of performing extremely effectively in both stationary
and moving environments. Nonetheless, the author emphasised
that the proposed system might be further expanded to monitor
with other sensors or by seasonal-based analysis (e.g. summer or
winter).

On another context [21] presented an air quality monitoring tool
by measuring six air pollutants (e.g. SO2, NO2, CO, O3, PM2.5
and PM10). The tool runs Kalman Filtering algorithm on
Raspberry Pi as an edge device and sends the data through the Wi-
Fi module. The proposed method has been successful in producing
a significant prediction result. However, the author emphasises the
need of taking into account the effect that the surrounding
environment has on the concentration of pollutants.

According to [22], an air quality monitoring tool with the use of
edge computing by measuring the data generated from several
sensors (e.g. pressure, temperature, humidity, carbon dioxide) was
proposed. The proposed work runs on battery powered
microcontroller using Bluetooth Low Energy (BLE). Despite the

proposed work has substantial power consumption, the author has
highlight to look into the negative impact of the battery lifetime.
In similar context, [23] proposed an indoor air quality monitoring
tool with edge computing specially for kitchen. The proposed tool
incorporates Bosch BME6G80 sensor connected to a
microcontroller where data generated was send to a local server.
Despite the proposed tool has shown a strong relationship in terms
of humidity and air quality correlation, the author has indicated
further interest in indoor spread (e.g. air-borne viruses and
pollutants).

Besides, [24] proposed an edge and cloud based air quality
monitoring tool by measuring the temperature, humidity, PM2.5,
and PM10. The proposed approach incorporates LoRa and MQTT
technologies with container based virtualization. The experimental
result show that the proposed tool has provide a substantial
deployment. However, the author has outlined that the work could
be explored on the power consumption model.

On a separate view, [25] designed an air quality monitoring tool
with the use of sensors and image processing. The proposed
approach incorporates 5G and edge testbed to perform detailed
analytics. The experimental result show that the proposed
approach has support scalable deployment with 5G edge testbed.
However, the author has outlined to explore on calibration and
real-time processing (e.g. image and video).

Besides, [26] proposed an embedded edge computing gateway
device by measuring gas sensor (e.g. MQ135). This proposed
approach in a wireless sensor network (WSN) which
communicates with the gateway (edge) using LoRa module. The
results obtained from the gateway device has shown a real time air
quality data streaming. However, the author described that the
proposed work can be employed for transportation and navigation
application as an additional metric.

Similarly, [27] designed an loT based air quality monitoring
system by measuring PM2.5 concentration using edge device and
cloud. The proposed approach employs hybrid prediction
architecture using several machine learning models hosted by
Nonlinear AutoRegression with eXogenous input (NARX).
Despite the proposed approach has outperform existing hybrid
algorithms, the author outlined that NARX model could be
explored with variation exogenous order and delay.

The vast majority of the previous research that was mentioned
centred on one or two key elements; if the systems assessed
multiple substances, then the computational capabilities were
unknown. Although researchers employed affordable sensors, the
device does not include a calibration mechanism and does not
address the problems associated with sensor diffusion validation.
The findings of previous studies are summarised in Table 1.

Table 1. Summary of Previous Studies

Reference Device Communication Channel Deployment Application
Putra et al. (2021) ; ;
Raspberry P'.a'.]d Arduino Wi-Fi and ZigBee Outdoor Smart City
[18] Mini
Moursi et al. (2021) Laptop, Raspberry Pi,
Arduino Uno and Node Wi-Fi Indoor Not Applicable
[19] MCU
Santejudean et al. (2021)
[20] Self-Built Microcontroller Bluetooth Indoor Not Applicable
20
Wall et al. (2021)
ESP 32 MCU Wi-Fi Indoor Smart Home

[21]

International Journal of Intelligent Systems and Applications in Engineering

IJISAE, 2022, 10(4), 715-719 | 716



Su et al. (2021)
Laptop and Smartphone
[22]
Kristiani et al. (2021)
Raspberry Pi
[23]

Kulshrestha and Durbha
(2020)

[24]

Arduino Uno

Ullah et al. (2020) .
Arduino Mega

[25]
Biondi et al. (2019)
Raspberry Pi
[26]
Lai et al. (2019)
Raspberry Pi

[27]

5G and Wi-Fi Hotspot Outdoor Smart Home
LoRa Indoor Smart Campus
LoRa Outdoor Smart City
ZigBee Outdoor Smart City
Wi-Fi Outdoor Smart City
Wi-Fi Outdoor Smart Agriculture

3. Units

Edge computing are used to monitor air quality as part of the
proposed work. The monitoring tool will use a tiered loT
architecture, as shown in Fig. 1. There are three tiers to this
process, and they are referred to as sensing, computing, and the
application, respectively. Wi-Fi and LoRa are the medium by
which the tier communicates with one another; however, cellular
technology of successive iterations (4G/5G) may also be used for
this purpose.

Figure 1. 10T Achitecture
3.1. Architecture

The sensing tier is the base for collecting and processing
information from sensors. The sensing nodes are the primary
entities that make up this tier, and they are intended to be installed
aboard moving vehicles. The computing tier is composed of edge-
computing devices. The primary function of these deployed
devices is to communicate with the second and third tiers. The data
is collected by the device from the whole of the sensing tier, and
then, after any required processing, the data is sent to the
application tier. The application tier is in charge of providing the
end user with collaborative services and managing the data storage.
It may be divided into two distinct aspects: those intended for the
end user, and those intended for visualisation. Upon receiving data
generated from the second tier, it saves the information in the cloud
database and produces ways for visualisation the information.

3.2. Deployment

The deployment of the tool includes both the hardware and
software modules; a more in-depth explanation of each is provided
below.

3.2.1. Hardware

Fig. 2 depicts the primary components of the tool’s hardware: the
sensor module and an edge device. The sensing node is responsible
for gathering data on the air quality and then transmitting it to the
edge device through a communication channel. Fig. 3 shows the

prototype design.

Figure 2. Breadboard Diagram

Figure 3. Prototype Design

3.2.2. Software

The software applications are the indispensable tool for both the
cloud and the end-user. There are three basic categories of servers
that may be found in the cloud, each with a distinct set of features
and purposes. On the basis of our findings, we would like to
carefully examine integrating a real-time air quality level
representation. Therefore, such solutions were implemented using
InfluxDB and Grafana. Fig. 4 shows a visualisation that shows the
status, the events, and the data logs.
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Figure 4. Grafana Platform for Data Visualization

4. Challenges and Open Issues

The deployment of air quality monitoring may require dense and
massive scale of low cost sensors [28]. This presents a number of
important challenges and open issues, some of which include the
processing of large data quantities, real-time analysis for
applications that are sensitive to delay, pervasive readiness and
high-speed connectivity. In the case of mass deployment, there
would be thousands of air quality sensors installed in vehicles, each
of which would provide kilobytes of data on the air quality with
each measurement [29] [30]. This would accumulate and generate
data that can reach up to gigabytes in size. Thus, this kinds of
sensors produce significant amounts of data on the quality of the
air at a rapid rate, that requires artificial intelligence approach [31].

4.1. Availability

The infrastructure and services used for monitoring air quality are
supported by a variety of heterogeneous and multiplatform sensing
devices, which are widely detached in highly urbanized
environments. In order to keep a distinct systems linked at all
times, a combination of several forms of communication is
required. This will certainly enable the devices to produce data,
exchange it with other devices, and analyse it within an air quality
sensor infrastructure [32] [33].

4.2. Connectivity

Multiple computing devices rely on high-speed connections to
transport the data that Al algorithms need in order to process out
real-time analysis, interpretation, and optimisation of their
respective data. In the case of air quality monitoring, for instance,
thermal infrared images may be processed much more quickly
when a high speed connectivity is available [34] [35].

4.3. Capacity

There is a massive quantity of sensor data that are gathered from
air quality monitoring devices, and these data are continually
produced at high frequencies. The possibility of subsequently
integrating data from different sources makes this task far more
difficult. The processing of enormous data streams about air
quality provides for the extraction of higher-level information, the
guiding of the understanding of complicated environmental
circumstances, and the enabling of real-time analysis that provides
end users with insights [36] [37].

4.4, Performance

When it comes to services that are prone to delays, the ultimate
objective is to produce timely insights on environmental
circumstances before such services become irrelevant. Air quality
monitoring would be useful in many contexts; for instance, it might
help with navigation by letting end users know whether or not
certain routes are appropriate for their safety, so reducing their

exposure to potentially dangerous particles. When trying to keep
an eye on the air quality, it is indeed important to get accurate data
as quickly as possible, yet this might result in a delay in other
processes [38] [39] [40].

5. Conclusion

In this paper, we proposed an loT based edge computing
framework for monitoring of indoor air quality. The prototyping
was carried out utilising equipment that was both inexpensive and
simple to create and put into use. The developed prototype has the
capacity to analyse a variety of gases such as PM 2.5, PM 10, CO,
C02, SO2, NO2 and O3. The sensors were calibrated to ensure the
accuracy of the data generation. The developed approach is built
out in a form that reduces the computing load on battery-operated
sensor nodes and more evenly distributes it using an edge
computing device. To examine air quality data and to provide data
visualisations for the end user, Influx DB and Grafana were
utilised. The relationship between the trend in air quality and the
deployment of edge computing has definitely resulted in the
discovery of certain noteworthy realities.
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