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1 CHAPTER I 

INTRODUCTION 

1.1 Background 

The air quality indoors matters as much and sometimes matters more than the 

quality of air outdoors. Studies done by the U.S. Environmental Protection Agency 

(EPA) have found that the concentration of air pollutants indoors can be up to two 

to five times higher and even over 100 times higher than outdoor levels (United 

States Environmental Protection Agency n.d.). Nowadays, we spend 90% of our 

time indoors, whether at home, work, school, or when we go to the mall (Indoor air 

pollution | British Lung Foundation n.d.); therefore, now is the time we have to start 

thinking about the air quality indoors. Bad indoor air quality has been linked to 

debilitating effects, most commonly, lung diseases, stroke, heart disease, and even 

lung cancer.  As one of the world's most significant environmental problem, 2.6 

million people died prematurely in 2016 from illness linked to air pollution 

predominantly women and young children (Max Roser 2019). Indoor air pollution 

can be attributed to dust, dirt, mold, or gasses in the air creating small particulate 

matter (PM) and dangerous gasses (NSW Government n.d.). Everyone is at risk of 

this, and if not taken care of, indoor air pollution may be fatal (United States 

Environmental Protection Agency 2018).  

This research aims to enlighten people of the existence and dangers of indoor 

air pollution by creating a user-friendly cloud-based web application along with 

hardware able to monitor the concentration of indoor air pollutants. The system 
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created is designed to visualize and inform the user of the air quality in their room 

caused by exposure to dust particles, gasses, and chemicals. The system works by 

using Arduino microcontrollers connected to multiple IoT modules and IoT sensors, 

which includes a particulate matter (dust) sensor, gas sensors, and a temperature 

and humidity sensor. The hardware components are responsible for monitoring and 

providing the input data needed for the web application. Using the four-layer IoT 

architecture, the Arduino sends sensor readings into a Wi-Fi module, which then 

uploads it into the cloud database located on the Firebase Realtime Database.  

On the other hand, the web application takes sensor concentration readings, 

calculates the Air Quality Index and air quality score, visualize in graphs and charts, 

and monitors the data in real-time. The system relies on measuring the US-Air 

Quality Index as the standard of measurement while also providing an air quality 

scoring system created to fill the current vacant internationally recognized indoor 

air quality standard. Additionally, the humidex, which is an indicator/index of 

discomfort based on humidity and temperature, is added to aid the measurement of 

indoor air quality. For the web app to be user friendly,  it is designed as a dashboard 

as it is an internationally recognized user-friendly way to summarize information 

in easy-to-understand, real-time data visuals allowing consolidation of information 

from across the sensors and modules in a single location and instant access to 

critical information and give a clearer picture of the current situation (Weaver n.d.). 

Therefore the web app is designed as a dashboard allowing monitoring of a room 

with interactive cards, tables, and graphs provides tips on increasing air quality 

while showing historical graphs to compare whether the environment has improved 
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and act as an alarm if a pollutant passes a dangerous threshold. As it is a web app, 

to access this dashboard, the user only needs a web browser; therefore, any device 

can be used. 

Since the final product created is an indoor air quality sensor, in addition to 

creating the device, it will also be fitted with additional dangerous/toxic chemical 

gas sensors commonly produced in wet labs/laboratories (ex: research laboratories). 

Supplementing additional sensors allows the final product to be placed not only in 

a standard household indoor room but can also be used in wet labs or factories as a 

monitoring tool and a safety device. 

1.2 Problem Formulation 

The formulation of the problems are as follows: 

1) How to enlighten people of the existence and dangers of indoor air pollution 

in a user-friendly way? 

2) How to implement multiple sensors and hardware modules together as an 

IoT system to monitor the indoor air quality accessible over the internet and 

compatible with multiple cross-platform devices online as a Progressive 

Web App (PWA)? 

1.3 Scope Limitations 

In this research, some restrictions are applied as a reference in conducting 

the research to provide clear direction in development. The final product has 

limitations as follows: 

1) The system relies on the US-Air Quality Index as the standard of 

measurement while also providing an air quality scoring system 
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created to fill the current gap of internationally recognized indoor air 

quality standards based on other proposed indoor air quality standards. 

2) The hardware is designed to be specifically used indoors. 

3) The hardware needs to be connected to the internet to upload sensor 

readings to the cloud database, so that pollutant information is 

viewable on the web app. Otherwise, the user can view the real-time 

sensor readings on the inbuilt LCD monitor. 

4) The hardware needs to be connected to a wall outlet powered power 

supply with a voltage regulator capable of powering 5 volts and at least 

2 amperes. 

5) The Arduino microcontrollers controlling the hardware are 

programmed using the C programming language. 

6) The hardware employs multiple off-the-shelf sensors with each sensor 

sensitive to the specific pollutant monitored. 

7) The software is a Progressive Web App (PWA) dashboard developed 

in JavaScript, HTML, and CSS. 

8) The software always needs to be connected to the internet so that the 

web app can display pollutant information in real-time. Otherwise, it 

shows a cached version. 

1.4 Purpose 

This research aims to design and implement IoT hardware and software 

(in the form of a web app) to monitor and inform the indoor air quality of a 

room. To ensure that the developed system is trusted, the air quality index 
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follows the official accepted worldwide standard of the US-Air Quality Index. 

The US-Air Quality Index is adopted to monitor the indoor air quality using 

the pollutants that intersect with pollutants indoors as, in reality, the safety 

limits of the pollutants indoors and outdoors are the same for humans. 

Additionally, the research follows several proposed indoor air quality 

standards from reputable organizations and individuals as there is no accepted 

worldwide standard for an indoor air quality index.  

The developed system can recognize individual concentrations of 

pollutants in the room and highlight the room's specific polluting source by 

using a sensor that is sensitive to the pollutant monitored as well as a 

temperature and humidity sensor. Additionally, the ambient temperature and 

humidity are also used as a correction factor for a gas sensor to increase the 

accuracy of the sensor's concentration readings in ppm. 

Designed as an IoT, the hardware components communicate and interact 

with each other and to the internet and can share data such as sensor readings, 

as well as trigger actions such as push notifications alarms remotely. 

Information such as sensor readings and Air Quality Index is displayed in real-

time on an LCD monitor on the hardware and the dashboard web app online 

through Wi-Fi. Additionally, the web app provides more features such as user-

friendly graphs and historical data graphs so users can see how the air quality 

in the room has progressed. Using concentration data monitored by the 

hardware, the dashboard could then score the user's air quality and suggest 

improvements on how to increase the air quality of the room. Moreover, both 
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the hardware and software acts as an alarm (audible alarm sound and visual 

notification) that detects if a polluting source has reached a dangerous level. 

All listed features work through Wi-Fi so that users can monitor the room and 

get notifications on the web app even when outside. 

The advantage of the research is that this research focuses finding a way 

to conveniently pack multiple sensors and different hardware modules into a 

simple IoT package that is plug & play as well as a web app dashboard ready 

to be used by the average layperson. After the hardware and software are 

created, both are tested to find the system's effectiveness in terms of its user-

friendliness and overall functionality. 

1.5  Methodology 

To solve the problems proposed in chapter 1.2, the methods used are: 

1. Conducting a literature study to learn about the hardware (Arduino and 

additional modules) and sensors involved and how to program them 

to work together in a client-server architecture. 

2. Design and prototype the hardware involved by experimenting with 

different circuitry configurations to get all the modules to function with 

each other in a client-server architecture and the four-layer IoT 

architecture properly. 

3. Using a NoSQL type database to store real-time data on Firebase 

Realtime Database. 
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4. Designing the application that is able to process the information 

received from the Firebase server, process it, and display it to the user 

along with the additional functions. 

5. Implementing the application using HTML/CSS/JavaScript for the 

Progressive Web App (PWA), and C for the Arduino and the hardware 

involved. 

6. Conduct behavior driven development testing. 

7. Design a usability test with knowledge questions to assess the usability 

and user-friendliness of the web application. 

8. Conduct testing in different indoor rooms with varying types and 

levels of pollution. 

9. Conduct usability testing and functional testing with potential 

consumers. 

10. Analyzing usability test results and application functionality to draw 

conclusions. 

  


