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Abstract

Purpose - this paper aimed at identifying the low-cost technologies using
microcontrollers like Arduino and Raspberry Pi used in air quality monitoring in the
Philippines for 2023.

Method — This paper utilized a systematic literature review that employed strategies in
selecting, analyzing, evaluating, and summarizing papers from a database of documents.
Similarly, inclusion/exclusion criteria were set.

Results — Using the web address of Google Scholar which is scholar.google.com, a search
result for the keywords “microcontrollers arduino raspberry pi air quality monitoring
Philippines” returned 109 results.

Conclusion — Air quality monitoring can be done using a low-cost microcontroller like
Arduino or Raspberry Pi. An effective solution for pollution monitoring using a wireless
sensor network to provide real time pollution data.

Recommendations — To encourage developers to develop an air quality monitoring system
using Arduino or Raspberry Pi microcontrollers with integrated sensors.

@ This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
E
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Research Implications — This research seeks to identify the current air quality monitoring
systems for 2023 using Arduino or Raspberry Pi microcontrollers.

Practical Implications — This research proves that technology offers cheaper alternatives in
the development of air quality monitoring systems.

Social Implications — This research shows opportunities for students to use technology.

Keywords — Microcontroller, 10T, Arduino, Raspberry Pi, Air Pollutants

INTRODUCTION

Air is cardinal for us as humans. It is what we breathe. It is composed of several
gasses and particles in the atmosphere like nitrogen, oxygen, argon, carbon dioxide,
water vapor, and other gasses. Air, considered important for our existence on Earth, has
issues primarily with its quality. Air quality is one of the key measures to be closely
observed in real-time in today’s urban environments because it has an impact on human
health, safety and comfort. Particulate matter with 2.5 micrometers can be measured by
some gas sensors. A sensor was integrated into microcontroller computer to measure
dust and particle matters (Idrees et al, 2018).

Air pollution is the state when there is an alteration in atmospheric air parameters
which is detrimental to living things. Vehicle emissions, industrial emissions, deforestation,
and the likes are one of the causes of air pollution. Exposure to these emissions which
contain mercury, particulate matter, lead, and other harmful gasses can debilitate human
health. According to the study of Kampa and Castanas (2008), there are plethora of ways
wherein air pollutants can cause harm to human beings. Emission from vehicles affects
the atmospheric composition of the air. Air pollution has both acute and chronic effects
on human health which affects several different systems and organs in our body. It can
range from minor upper respiratory irritation to chronic respiratory conditions such as
heart disease, lung cancer, bronchitis. It can also aggravate pre-existing heart and lung
disease, or asthmatic attacks. Air pollutants like carbon monoxide, sulfur dioxide,
nitrogen oxides, volatile organic compounds, and the like can cause acute and chronic
diseases to human beings. Examples are respiratory diseases, heart diseases, lung
diseases, and many more. These contribute to high human mortality rate. In the study of
Fenger (1999), he stated that air pollutants can be divided into two groups namely: the
traditional major air pollutants comprising of sulfur dioxide, nitrogen dioxide, carbon
monoxide, particles, lead and the hazardous air pollutants comprising of chemical,
physical and biological agents of different types.

The advent of technology in environmental monitoring has considerably utilized
the use of computers in gathering parameters especially in the air since air pollution is still
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a crucial concern. Monitoring air quality has evolved from manual parameter readings to
the use of sensors that transmit data in a computer. According to Marinov et al. (2016),
the use of multi-parameter air quality monitoring systems makes it possible to do a
detailed level analysis of major pollutants and their sources. These monitoring systems
are cardinal components for monitoring air quality and for controlling the main pollutant
concentrations in urban area. Low-cost sensors can be easily integrated into
microcontrollers such as Arduino and Raspberry PI. It is expected to reduce costs
associated with operations and logistics of these technologies (de Camargo et al., 2023).
Having cheaper technologies would present opportunities in ensuring air quality
monitoring can be done with ease. In addition, this paper aimed at identifying the low-
cost existing technologies using microcontroller used in air quality monitoring in the
Philippines for 2023.

LITERATURE REVIEW

Microcontrollers

Microcontroller is a low-cost compact computer that has the ability to do specific
instructions. It is composed of a processor, a memory, and input/output peripherals.
Microcontrollers are typically found in robots, vehicles, home appliances, mobile phones,
and many more. Microcontrollers can be classified in terms of number of bits, memory
devices, memory architecture, and instruction set. There are tons of microcontrollers to
use especially in monitoring the air quality. An example of a microcontroller is shown on
figure 1. It is called the Raspberry Pi. Other microcontrollers are PIC, Arduino, and many
more. Android mobile applications can also be integrated to microcontrollers (Sabado,
2024).

Air pollution is a crucial concern especially for the living. These pollutants are
detrimental to human health. Monitoring air pollution can be done easily with
microcontrollers.

According to Moyes (2024), the top three popular microcontrollers are Arduino,
Raspberry Pi, and Espressif Systems (ESP32).

Internet of Things

According to Wu et al. (2020), Internet of Things or commonly known as IoT refers
to a network of low-cost electronic devices that can communicate and share data. This
can be done by connecting small computers or microcontrollers to the internet to enable
them to collect and exchange data without requiring human intervention. loT systems
normally consist of sensors that monitor parameters like air pollutants.
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The introduction of the Internet of Things makes data gathering simple through
the use of computers and the internet. Microcontrollers like Arduino and Raspberry Pi can
be integrated along with gas sensors to monitor the air quality parameters. Through the
wireless sensor network, transmitting and receiving of data can be done in a simple click.

Arduino

Arduino is an open-source computer hardware and software company which
started as Arduino Project in Italy. According to Saikumar et al. (2017), Arduino is a
popular microcontroller module which is connected to a computer via serial
communication. It has fourteen numerical input/output pins, six analog inputs, a 16-
megacycle quartz oscillator, a USB affiliation, an influence jack, associate ICSP pass, and a
retune switch. It contains everything required to support the microcontroller.

Figure 1. Arduino Uno R3 Microcontroller

The figure 1 shows the microcontroller called Arduino. Microcontrollers can be
used in monitoring air quality with the help of the sensors connected to it.

Arduino in Air Quality Monitoring

Arduino microcontrollers have several variants depending on certain factors. In
the study of Manna et al. (2014), an Arduino microcontroller board based on the
ATmega328 was used to integrate carbon monoxide and sulfur dioxide sensor modules. It
can transmit data to a server via internet connection as well. In a similar study of
Abraham and Li (2014), an Atmega328 was used in an Arduino Uno board which is
connected to a carbon dioxide sensor, volatile organic compounds sensor, and carbon
monoxide sensor.

Installing an Arduino on an unmanned aerial vehicle (UAV) is on a different level.
Monitoring air quality using small sensors onboard with an unmanned aerial vehicle is
very complicated. A system developed and evaluated in consisting of a UAV, an Arduino
MEGA 2560 microcontroller and integrated with four gas sensors for carbon monoxide,
carbon dioxide, nitrogen oxide, and nitrogen dioxide were used in measuring air pollution
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The UAV will have an RC receiver and the ground station where the computer is located
will have the RC transmitter (Villa et al., 2016).

A low-cost RFID based application can be designed using 8-bit Atmel AVR
microcontrollers or 32-bit Atmel ARM processors. A vehicle unit consisting of a carbon
dioxide sensor and RFID transmits values to a remote computer via GSM modem
(Rajalakshmi et al., 2015). Arduino Uno R3 microcontroller is shown in the next figure. It is
the most flexible hardware platform used based on ATmega328P which can be
programmed according to the function where it is to be used. It can be integrated with
the MQ135 Gas Sensor and it can measure carbon dioxide, sulfur dioxide, nitrogen dioxide,
and liquefied petroleum gas. According to Arduino Online Store, Arduino Uno is
considered as the most used and most documented board of the whole Arduino family.
Uno which comes from an Italian word which means one (Pal et al., 2015).

Moreover, Arduino can be used in air pollution monitoring. Integrated with gas
sensors, it is low cost and can collect concentrations of nitrogen dioxide, carbon dioxide,
and carbon monoxide. This microcontroller was integrated with gas sensors and installed
in a windowsill about 4m from the ground. The data gathered is forwarded to a server
that collects data. It is called AirQino (Zaldei et al., 2015). Another air pollution monitoring
study using Arduino was done at King Faisai University. In here, an MQ2 gas sensor was
integrated in Arduino and it collects carbon monoxide and liquid petroleum gas (Al-Haija
et al,, 2013). MQ135 is another sensor that can also be integrated on Arduino Uno R3 for it
can sense ammonia, nitrogen oxides, carbon dioxide, and some other gasses (Nirosha et
al,, 2017).

Similarly, a sensor array could be connected to an air monitoring system that
would monitor air pollution in real time and predict the measurements in the next given
time interval. The data would be sent to the network via WiFi connectivity. The system
consisted of Arduino UNO, a ESP8266 WiFi module, and MQ2 gas sensor for the initial
stage development (Elvitigala & Sudantha, 2017). Another study using Arduino UNO
board with Wi-Fi module is used as an embedded device for sensing and storing the data
in the cloud. Sensors are connected to Arduino UNO boards for monitoring and
corresponding sensor reading will be sent via Wi-Fi connection (Joshi, 2017).

Raspberry Pi

Raspberry Piis also a common microcontroller. This device is technically a portable
computer and uses the Linux operating system. Figure 2 shows the microcontroller called
Raspberry Pi. Presently, the Internet of things (10T) is a buzzword. Almost anything can
be controlled using microcontrollers and interconnecting different electronic devices
through a variety of technologies can be made possible.
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Figure 2. Raspberry Pi Microcontroller
Raspberry Pi in Monitoring Air Quality

An effective solution for pollution monitoring using a wireless sensor network to
provide real time pollution data. Server for storing the pollution level is called Pollution
Server (Sirsikar and Karemore, 2015). There is a study using the Internet of Things to
gather air parameters. For air pollution, nitrogen dioxide and carbon monoxide will be
measured by the following sensors namely: MICS-5525 and MICS-2710 (Saha et al., 2017).
There are several uses of Raspberry Pi especially in terms of Air Quality Monitoring. For
example, a plug and play, easy to use type of electronic shield called GrovePi+ is
integrated with Raspberry Pi. The GrovePi+ hardware shield communicates using the i2c
interface. The grovepi+ sensors can collect carbon monoxide, carbon dioxide, ammonia,
and nitrogen oxides. These data can be transmitted to a server (Balasubramaniyan and
Manivannan, 2016). Apart from monitoring air parameters like carbon monoxide,
Raspberry Pi can also be integrated with other sensors like temperature, humidity, and
pressure. It can be connected wirelessly via Wifi or via cable using ethernet port (Shete
and Agrawal, 2016).

A similar prototype was done using a Raspberry Pi based system associated with
carbon monoxide sensor and carbon dioxide sensor with the inclusions of temperature,
humidity sensor, and dust sensors (Acharyya et al., 2017). Another 10T related system is
the use of Raspberry Piintegrated with DHT22 which measures Humidity & Temperature,
a MICS-2710 which is a nitrogen dioxide sensor, and MICS-5525 which is a carbon
monoxide sensor. The system has been tested to detect pollutant gasses, temperature,
and humidity (Alkandari and Moein, 2018). Similar 10T based system is using Raspberry Pi
with gas sensors namely: MQ-6, MQ-7, and MQ135. These gas sensors collect carbon
monoxide, liquefied petroleum gas, methane, and butane data (Kavitha et al., 2018).

Another use for Raspberry Pi is the implementation with sensors for light, carbon
dioxide, formaldehyde, and temperature. The idea is to transmit collected parameters via
a GSM cellular network to the internet and from there it can be accessed using cellular
phones and computers (Tapashetti et al., 2019). Indeed, 10T plays a vital role in our
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society. The Internet of Things is converging with cloud computing and offers a novel
technique for better management of data coming from different sensors. Data collected
will be uploaded to a cloud server transmitted by low power and low-cost ARM based
Raspberry Pi. This Raspberry Pi monitoring system measures various parameters like PM
2.5, carbon monoxide, carbon dioxide, temperature, humidity and air pressure (Kumar
and Jasuja, 2017).

Air quality monitoring can also be done in university classrooms. The system
collects online data from carbon dioxide sensors that are installed in classrooms along
with Raspberry PI. It transmits information over the web interface. Air quality parameters
such as carbon dioxide concentration, temperature, and humidity are gathered from
different classrooms simultaneously (Balta et al, 2017). Similarly, using the Raspberry Pi
platform, an alarm is triggered to indicate high concentrations of emissions. This will
serve as a warning to the authorities about the air pollution rate. Air pollution parameters
are taken from the low-cost gas sensors. The parameters include: concentrations of
smoke, carbon monoxide and nitrogen dioxide, temperature, and humidity (Sivasankari,
2017). The quality of air has been affected by various factors like industrial emission,
vehicular transmission etc. The evolution of various technologies like Raspberry Pi has
made it easier to deploy sensors and to detect the quality of air in real time. Another
prototype using Raspberry Pi is its integration with MQ2, MQyz, and MQ135 sensors. Along
with a DHT sensor to gauge temperature. This can measure carbon monoxide, carbon
dioxide, methane, and temperature (Kirthima & Raghunath, 2017).

Air Pollutants

Air Pollutants can be found anywhere. According to Luke Curtis et at (2006),
several studies have linked air pollutants to several types of health problems including the
respiratory, cardiovascular, immunological, hematological, neurological and reproductive/
developmental systems.

Here are the common Air Pollutants:
e Carbon Monoxide
Carbon Dioxide
Nitrogen Dioxide
Particulate Matter (PM10 and PM2.5)
Sulfur Dioxide
Lead
Ozone

Carbon Monoxide mostly comes from vehicle emissions. Exposure to this makes a
person dizzy and can experience headaches. High exposure could be fatal.

Carbon Dioxide, as we all know, is the air we breathe out. Breathing difficulty happens
when there’s a high amount of carbon dioxide.
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Nitrogen Dioxide also comes from vehicle emissions and plant emissions. Exposure to
this can lead to respiratory problems.

Particulate matter can come from road dust, etc. It can also lead to respiratory
problems like asthma.

Sulfur Dioxide usually comes from power plants. It can irritate respiratory systems and
affects the throat.

Lead comes from cars and power plants. Exposure to this can lead to kidney and 1Q
problems.

Ozone comes from burning gas, coals, and other fossil fuels. It can lead to respiratory
problems and can also affect plants.

The above-mentioned air pollutants can be measured by sensors. Sensors can be
integrated to a microcontroller to retrieve data. Usually, gathered data can be
transmitted to a server wirelessly via Wifi module and Bluetooth module.

METHODOLOGY

A systematic literature review is a study method that employs strategies in
selecting, analyzing, evaluating, and summarizing papers from a database of documents
on the topic to obtain a consistent investigation and even provide directions for future
research. Similarly, it is the process of defining inclusion/exclusion criteria, screening
titles/abstracts, and thoroughly reading selected works to provide a comprehensive
overview of the current state of knowledge on a particular subject. (Peixe et al., 2024).

Systematic Literature Review Process

Google Scholar was used to search for literatures. Google Scholar is an academic
search engine of Google. According to Jacsé (2005), Google Scholar is a search engine
launched in November 2004. It is designed to help users find scholarly articles, theses,
books, conference papers, and court opinions. Through Google Scholar, the users can
access academic resources for free.

The literatures reviewed in this paper were composed of microcontrollers like the

Arduino and the Raspberry Pi used in air quality monitoring in the Philippines. The author
used specific keywords in this paper review.
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Phase 1:

Academic Search Engine
Query

“microcontrollers arduino
raspberry pi air quality

monitoring Philippines”

Year: 2023 - 2023

Article Type: Any Articles

Inclusion:

Exclusion:

Phase 2:

Inclusion and Exclusion Criteria

1. Microcontrollers used must be
Arduino or Raspberry Pi

2. Microcontrollers with sensor
integrations

3. In this absence of full paper
access, abstract and/or
summary must be provide
valuable information

1. Papers not written in English

2. Microcontrollers used were not
in air quality monitoring

3. Outside Philippine setting

Phase 3:

Paper Review and Data
Extraction

Figure 3. Systematic Literature Review Process

Figure 3 shows the systematic review process in this paper. Phase 1 indicated that

specific keywords were used, together with the filters for article year and type. Phase 2
shows the inclusion and exclusion criteria in order to properly filter the results of the
academic search engine, Google Scholar. Phase 3 is the paper review and data extraction

The author decided to include papers published from the year 2023 only. Papers

published from 2022 and earlier and from 2024 are not considered. The paper needs to be
of a developmental type using microcontrollers with sensor integrations. The prototype

must be focused on measuring the air pollutants.

RESULTS

Using the web address of Google Scholar which is scholar.google.com, a search

result for the keywords “microcontrollers arduino raspberry pi air quality monitoring
Philippines” returned 109 results.

Table 1. Summary of Search Results

With Full With English Philippine Arduino or For Air
Paper Abstract/ Paper settings Raspberry Pi Quality
Access Summary Microcontrollers | Monitoring
Yes 23 109 109 33 96 9
No 86 0] 0] 76 13 100
TOTAL 109 109 109 109 109 109
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Table 1 shows the summary of the search results in Google Scholar. The With Full
Paper Access column means that the full paper is available in google scholar. The  With
Abstract [ Summary column means that the abstract or summary is available. The English
Paper column means that the paper is written in English. The Philippine settings column
means that the air quality monitoring technology was used in the Philippines. The With
Arduino or Raspberry Pi Microcontrollers column means that the paper discussed the
Arduino or Raspberry Pi microcontrollers in its contents. The Air Quality Monitoring
column means that the technology was used for air monitoring.

DISCUSSION

Academic Search Engine Results

It is crucial to use valid keywords in the academic search engine like Google
Scholar in order to get the reliable results. The author observed that the use of too many
keywords returned few results and few keywords returned several results.

Out of the 109 papers reviewed, only 23 had the full access and 86 had no full
access as shown in Table 1. Similarly, the 109 papers have abstracts or summaries and
were are written in English. The 33 papers were based in the Philippine settings and 76
papers were not based in the Philippines. The 96 papers indicated that it used an Arduino
or Raspberry Pi microcontroller and 13 used different type of microcontrollers. Lastly, out
of the 109 papers, only 9 papers were used microcontrollers in air quality monitoring.

It is also worth to note that not all search results are valid that is why it is
important to scrutinize each result to validate the data. One of the search results was a
paper published in 2017 and not in 2023.

Inclusion and Exclusion Criteria

The inclusion and exclusion criteria in this study are as follows: (1) The
microcontrollers must be an Arduino or Raspberry Pi only; (2) The microcontrollers must
have sensor integrations to be used in air quality monitoring; (3) In case that the full
paper is not available, the abstract and/or summary must valuable information; (4) The
papers must be written using the English language; and (5) The settings must be in the
Philippines.

Out of the 109 searched results using the google Scholar search engine, no paper
passed the inclusion and exclusion criteria. These papers were published in the year 2023.
The research paper with the title: Low-Cost Air Quality Monitoring System for the Local
Government Units of the Province of Rizal came close but the microcontroller used was
ESP32. ESP32 is a different type microcontroller. Additionally, the research paper with the
title: A Smart-home Electronic-Nose for Detecting Hazardous Gases and Development of
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a Platform for Monitoring the Levels of Dispersed Oxygen in River Components of a
Water Supply Micro Basin Using Programmable Microcontrollers papers were based not
in the Philippines.

Air Quality Monitoring System

Most microcontrollers with integrated sensors can measure carbon monoxide,
carbon dioxide, nitrogen dioxide, nitrogen monoxide, sulfur dioxide, liquid petroleum gas,
particulate matter, ammonia, volatile organic compounds, methane, formaldehyde, and
butane.

The 109 search results did not meet the inclusion and exclusion criteria set in this
study. The searched results indicates that there’s no Arduino or Raspberry Pi
microcontroller was developed for the year 2023 used in air quality monitoring.

CONCLUSIONS AND RECOMMENDATIONS

Air quality monitoring can be done using a low-cost microcontroller like Arduino or
Raspberry Pi. An effective solution for pollution monitoring using a wireless sensor
network to provide real time pollution data.

The use of Systematic Literature Review is ideal in selecting, analyzing, evaluating,
and summarizing papers from a database of documents. The meticulous method is time-
consuming. It is therefore recommended to use available software or online tools that
can make the process of systematic literature review efficient. Consider adjusting the
inclusion and exclusion criteria. Try academic databases too.

Developers can explore in developing air quality monitoring system using the
abovementioned microcontrollers.
IMPLICATIONS
The absence of air quality monitoring system using Arduino or Raspberry Pi
microcontrollers in Google Scholar could imply that other microcontrollers brand have

been utilized.

It may also imply that the academic search engine did not find the needed data in this
study. The inclusion and exclusion criteria may sound strict.
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APPENDIX A

REFERENCE ENTRIES FOR SELECTED PAPERS
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