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ABSTRACT

Today, air pollution is the world's most serious environmental health problem. Air pollution
has a detrimental effect on human health, the environment, and ecosystems. The air is
contaminated by toxic gases released by industry, vehicle emissions, and an increase in
harmful gas and particulate matter concentrations. Air pollution can result in a variety of
serious health problems in humans, including respiratory, cardiovascular, and skin diseases.
Air pollution has developed into the most serious environmental health hazard, and
monitoring of air quality has increased. In an attempt to contribute technological
instruments, this work proposes an loT-based system for monitoring the most novice health
pollutants using low-sensor systems, as proposed in the World Health Organization
recommendations. The proposal presents the development in the hardware layer of a device
able to measure the concentrations of the following pollutants: Particulate Material (PM 2.5),
Carbon Dioxide, Carbon Monoxide, Temperature, humidity and utilizing three sensors,
respectively, DHT11, Dust Sensor and MQ-135. Recently, mobile technologies, especially
the Internet of Things, data and machine learning technologies, positively impact the way
we manage our health and lifestyle. With the production of loT-based portable air quality
measuring devices and their widespread use, people can instantly monitor the air quality in
their living areas. In this study, a real-time mobile air quality monitoring system with air
parameters such as Particulate Matter (PM 2.5), CO, CO2, humidity and temperature is
proposed. The device will be equipped with a WeMos D1 Wi-Fi R3 microcontroller, which
includes a Wi-Fi interface that enables data to be sent to a cloud-based server, such as the
ThingSpeak webpage. It is important to note that what differentiates the proposal from others
is implementing periodic notifications and sending alerts for cases in which a given pollutant

has reached the maximum acceptable concentration.



ABSTRAK

Hari ini, pencemaran udara adalah masalah kesihatan alam sekitar yang paling serius di
dunia. Pencemaran udara mempunyai kesan buruk terhadap kesihatan manusia, alam sekitar
dan ekosistem. Udara dicemari oleh gas toksik yang dikeluarkan oleh industri, pelepasan
kenderaan, dan peningkatan kepekatan gas berbahaya dan zarah. Pencemaran udara boleh
mengakibatkan pelbagai masalah kesihatan yang serius pada manusia, termasuk penyakit
pernafasan, kardiovaskular dan kulit. Pencemaran udara telah berkembang menjadi bahaya
kesihatan alam sekitar yang paling serius, dan pemantauan kualiti udara telah meningkat.
Dalam usaha untuk menyumbang instrumen teknologi, kerja ini mencadangkan sistem
berasaskan IoT untuk memantau pencemar kesihatan yang paling baru menggunakan sistem
sensor rendah, seperti yang dicadangkan dalam cadangan Pertubuhan Kesihatan Sedunia.
Cadangan itu membentangkan pembangunan dalam lapisan perkakasan peranti yang dapat
mengukur kepekatan bahan pencemar berikut: Bahan Zarah (PM 2.5), Karbon Dioksida,
Karbon Monoksida, Suhu, kelembapan dan menggunakan tiga penderia, masing-masing,
DHT11, Penderia Habuk dan MQ-135. Baru-baru ini, teknologi mudah alih, terutamanya
Internet Perkara, data dan teknologi pembelajaran mesin, memberi kesan positif kepada cara
kami mengurus kesihatan dan gaya hidup kami. Dengan pengeluaran peranti pengukur
kualiti udara mudah alih berasaskan loT dan penggunaannya yang meluas, orang ramai boleh
memantau kualiti udara di kawasan kediaman mereka dengan serta-merta. Dalam kajian ini,
sistem pemantauan kualiti udara mudah alih masa nyata dengan parameter udara seperti
Zarah (PM 2.5), CO, CO2, kelembapan dan suhu dicadangkan. Peranti ini akan dilengkapi
dengan mikropengawal WeMos D1 Wi-Fi R3, yang termasuk antara muka Wi-Fi yang
membolehkan data dihantar ke pelayan berasaskan awan, seperti halaman web ThingSpeak.
Adalah penting untuk ambil perhatian bahawa perkara yang membezakan cadangan daripada
yang lain ialah melaksanakan pemberitahuan berkala dan menghantar amaran untuk kes di

mana bahan pencemar tertentu telah mencapai kepekatan maksimum yang boleh diterima.



ACKNOWLEDGEMENTS

In the Name of Allah, the Most Gracious, the Most Merciful

First and foremost, | would like to thank and praise Allah the Almighty, my Creator, my
Sustainer, for everything | received since the beginning of my life. I would like to extend my
appreciation to the Universiti Teknikal Malaysia Melaka (UTeM) for providing the research

platform

My utmost appreciation goes to my main supervisor, Ts. Mohd Razali Bin Mohamad
Sapiee, Universiti Teknikal Malaysia Melaka (UTeM) for all his support, advice and
inspiration. His constant patience for guiding and providing priceless insights will forever

be remembered.
Last but not least, | would like to thank my family for continually believing in me. They

have always encouraged me never to give up in pursuing my goals. Without their love and

presence, the successes, as well as the failures, would have been meaningless.

Vi



TABLE OF CONTENTS

[0 17 7. 0 P i
Lo (0 17 ii
DEDICATION ...cuiiieeiiieirieiiiuiiiisiraeisiaesireessrsssstessssrasssrasssrssssssssssesssssssssssssssasssssssssenssssnssssassssassssansss iii
ABSTRACT ciiititceirneerettiiiiessssnnttteessisiessssssnstessssesssssssssssssssssssssssssnssassssssssssssssssessssssssssssanssassssssssssss iv
ABSTRAK ctiiiicccnretentiisisssssenseetessssssssssssssesssssssssssssssessssssssssssansessssssssssssssnsseasssssssssssansassssssssssssanas v
ACKNOWLEDGEMENTS ....uuuuuueereniiiiisisisssseseissinissssssssesssssissssssssssssssssssssssssssesssssessssssssssssssssssssssssanses vi
LIy 0 o 17 -1 L iv
LI 0 o T v
LIST OF APPENDICES.......citiiuiieiieiiienieiiairairuiieeiiesraerassresssesiaessasssasssnsssssssssssssssssssssssssssssasssasssnsses vii
CHAPTER 1 INT RO D L T I D e« e vs00essnassnosssssssssssssssssesssnssssssssssnessnossnossnssssssssssesssssssnsersssnsss 1
1.1 IntroductiOESusEEEEERERER v .. ... o . SRS H............. JESSSSGORSR.  BRNNN ML...................... 1
1.2 Background Of STUAY .....cce.ceiieeeeiiiiiiiiiiee e sre e e eeeeseerecane e s renesssesensssnssennssssnennnssssennnns 1
13 Problem StafEMENTE. cceesesensccnce- - .- T8 .. HEEEE... SONOOHL, B, mmreeetl M..... 0. . BW........cccoununenene 4
1.4 OB ECIVES ... iiuueieeeeitanisnnnncransennnncrenneseasessasseenssesansessssessassssnssssnssssnssssassesasssssnsesensessnssssnssennnne 4
1.5 SCOPE Of the STUAY...cceuuiiiiiicceieic et e eeseraseseera e s eennseeseenssssseennssssesnsssssenansnnsennn 5
1.6 Significantof'the Study«s42. .. et il ottt o B B ) 5
CHAPTER 2 LITERATURE REVIEW.......cuuuiiiiiiiiiieiiieiiiansiansineineassieessenssssassssasssssnsssensssenssssassssnsssnes 6
2.1 Introduction®. X Sl 8L L L S DA L D 0, IR S 0 L a8 S Sl B A L, 6
2.2 Whatis Air POIIULION ....cooviiiiiiiiiiiiiiiiiiiiiiiii e 6
2.2.1 Carbon Dioxide in daily life........ccucciiiiciiiiiceereccrrrccerre e e e e e e e e e e ra s e e s e s ansaesenas 8
2.2.2 Particulate Matter ........ccccceiiiiiiiiiii e 9
2.2.3 Carbon MonOXIide .....ccciviiiiiiiiiiiiiiiii e 12

2.3 What Cause Air Pollution........cccovviiiiiiiiiiiiiiiiiiiin 13
23.1 Human Causes of Air POIIULION ........cccoeei s 15
2.3.2 Natural Causes of Air POIULION........cccociiiiiiiii s 16
2.3.3 INdOOr Air POIIUEION ....oiiiiiiieieiiiiiiittir s 16

2.4 Case of Air Pollution in Malaysia.......cccceceiiiimiiiiiimiiiiieierieeresreeeesreeeeessennsessennssessennsnenns 17
2.5 Internet of Thing (1oT) of Air Quality MONItOriNgG .....cc.euuciiiiiiiieienccciirireeeneneeeceeeeeeeennanssenes 18
2.5.1 Perception Layer (SENSING LAYET) ....cccceeeueueceiiiiieieennennieieierereennnnssssesssesessnnnsssssssssssssnnnns 20



2.5.2 NEEWOIK LAYEN ...ieeeiiiiiinniiiiineiiiiinniiiiienesiiiienesisiiesssssiiessssssmensssssresssssssensssssssnssssssenssns 20

253 APPlICAtiON Layer....ccuuiiiiiiiiiiiiiiiiiiiiiiiiiiiieniesnesienssissiesssiesiessssessensssssssnsssssssnsssssenns 22
254 Web Service and Android Application..........ccoeeeeeceriiieciiiiniccrrereerreeneereeneeereenneenenes 23
2.5.5 ThingSpeak (10T Platform) .....cc..ciiiieciiieiccrreiccrrreccsrreene s resenesrenessesenasesssenesssssennnes 24
2.6 Wireless transSmiSSiON.........iiiiiiiiriiiiiiiin i s s s s s s s e s s saass s s s s s e s ennnes 25
2.6.1 T4 > == 27
2.6.2 L o 28
2.6.3 CommuUNICatioN COMPArISON.....cuuiiieiiieiiiniiieeieieniiirnsiensisrssisreessrsnsssenssssnssssnssssnssssanss 29
2.7 SUMMAIY cuuiiuiiiuiiniiiniiniiieiieeiieeiiosiessratreitsestasstssstssrssssssssestosstasstsssssssssssasssasssasssnsssnssssssnns 30
CHAPTER 3 METHODOLOGY. .....cciiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiisissississsssssssssssssssssssssssssssssssssssssssssssssssessses 31
3.1 INEFOUCTION....cueiiiiii s 31
3.2 oY T=Yor f 2 - T DS 31
33 ProJECt OVEIVIEW. .ccu i iiiiiiieeiiiniiiieeiiteniienettnsisrnesrensersnsssanssssnssssnssssssssssnssssnssssnssssnssssnssssnnss 33
34 ProJeCt FIOW ..uiceiiiieiiiiiiiiieiiiiiicieeciineieneeieensesnasesensesensssensssenssssnssssenssesensssensssenssssnssssnasssnnss 34
3.5 SYSEEM ArCRITECIUIE cceuieeeiiiieiieeiiiiiiitieeteanertieeeteneerenserenserenssssnncerensesnnsseensessnssernnsssensenannans 36
3.6 Hardware DEVEIOPMENT «.ccuciiueeereneiienniienereeniernnieraserenncrenserenssssnsarassssensesensesenssesnssssnssenanns 38
3.5.1 WeMOSIDARNIElaRB S mmmmsscsssnsnse -« - {00 . 22-... SO0S00N B0, 0, 0. WM. . W ... ... 38
3.5.2 IMIQ-135 GAS SENSOK ...iiieuuuiirerneniirirnniiirirneiiiiieneiirienssesstssesesstesssesstessssssessasssssesssssssennses 40
3.53 PM2.5 GP2Y1010AUOF Compact Optical DUSt SENSOF ......cccceverereenceeiiirreierennerennerensecens 41
3.5.4 DHT11 Humidity and Temperature Sensor Module ........cccceeeeiereeiiermncirencrennceennerenscees 42
3.5.5 L D O R g iy e a2 o Sl o e i e e e S 0L L s sansnans 43
3.5.6 lIC interface MOdUIE........cceiiiiiii e a4
3.6 SOftware DeVvelOPMENT..........ciiiieceiieeeeiteereeteeeeeeeeeanseeseeassesseenssessesnssessennssessennssessennnnnes 45
3.7 ThingSpeak 10T Platform.......cccuuiiiiiiiiiiiiciiire et senee s senessesssnsssssssnsssssssnsssssanes 46
3.8 SUMIMAIY cuieiiiiieiiiiieiieiieieiietetietiestestastastastastastassastassastassastassastassassassassassassassassassassassassassas 47
CHAPTER 4 RESULTS AND DISCUSSION .......cieuiiiiieeiiieiiieiireiirea e rsa e s s ssas s se e ssasssenssssnnnes 48
4.1 4T 0T LT 1 o T o 48
4.2 [ g0 JT=Tot A0 T=TY ol 4] 4 o] o DO 48
4.3 Project Result and EValuation .......c...cciiieeiiiiiiiiirirccrrrecsreeeeessesessssenesssssenasssssenesssssenanes 50
44 Result for Air Quality Monitoring of MQ 135 Sensor, Compact Optical Dust Sensor, and
DHT11 Humidity and Temperature SENSOK. .....ccciicieieeiiiniiineiiieniiteeserenesensessnssessssssssssssnssssnsessnsans 50
44.1 Air Quality Results for CO2.......cuuiiiiiuiirriiierieeecereennseereennseeeeenssseseensssesennsssssesnsssssenns 51
44.2 Air Quality Results for CO......ccceuiiiiiiiciiiiierreneerrensereennsseseenssessensssssssnsssssssnsssssenns 53



4.4.3 DHT11 Results for Temperature and Humidity SENSOr..........cccceiiiienniiiiieneniniienninnnenene 55

4.4.4 PM2.5 GP2Y1010AUOF Results for Compact Optical Dust Sensor ..........ccceeeerieeenirnennnns 58

4.5 T ol F 1 ' 60
4.6 Problem ENCOUNTEred.........ccoovviii s 61
CHAPTER 5. CONCLUSION......cieuiiiiuiiiuiiiniireeiirnesteesrsassirssssrasssrsssssesssrsssssesssssasssssssssassssssssssnssssnssss 63
5.1 4T 0T LT 1 o T o 63
5.2 CONCIUSION ..ot 63
5.3 Future RecommeNndation........ccccceieiiiiiiiiii e 64
5.4 SUMMAIY ceuiiuiiiuiiiesiniiiniiiniieeiieesioiiesraitrsitssstssstssstnsrssssssteestosstasstsssssssssssasssasssasssnsssnssssssans 64
REFERENCE .....ouuttiiiiiisisssssssss s s s b b bbb bbb bbb bbb 65
APPENDICES ....cccettitiiiiiiiiitieitiiititiettieieietetetetetetttetetetetetetetetetetetetetetetetettttttetetetetetetttetetetttetttetetererenes 68



LIST OF TABLES

TABLE TITLE PAGE
Table 2.1 1Table 2.1 comparison of pollutant concentration and sub-indiCes ............cccccceevevvennnne 8
Table 2.2 1Table 2.2 Effects of CO2 concentration on human body ...........ccccovevvvieiiiiecieiienn, 9
Table 2.3 1Table 2.3 Description of particle matters and particle SizeS..........cccevvevviievicieennenn, 10
Table 2.4 1Table 2.4 Fine particular matter INAICES ..........ccovviieieiieerree s 11
Table 2.5 1Table 2.5 Effects of CO concentration on the human body............cccceviiiiiiiiinnnn. 13
Table 2.6 1Table 2.6 Indoor air quality STANAAIAS ........coeiiririeieieiesie s 17
Table 2.7 1Table 2.7 advantages and disadvantages of transmission modes ..........c...cocovevrvreenne. 26
Table 2.8 1Table 2.8 Major NetWOrk arChiteCIUIES ........covuevvreesiiiiiiiiiennesre e iaesieer e e e enee e 27
Table 2.9 1Table 2.9 ZigBee protocol COMPAITSON..........cccuiiiiiiiiiieie ittt 27
Table 2.10 1Table 2.10 Wi-Fi protocol COMPAriSON ... .ciuiiuiuiiuiirirneeiisiesie e it sie e 28
Table 2.11 1Table 2.11 Comparison of 3 wireless transSmissSions..........ccccccevivvieiieie e s 29
Table 3.1 1Table 3.1: Gantt chart project plan PSM 1 ........coviiiiiiiiiieecee s 32
Table 3.2 1Table 3.2: Gantt chart Project PIan PSM 2. 33
Table 3.3 1Table 3.3 Specification of WeM0s D1 WIiFi R3 ........ccooiiiiiiiieieeeee e 39
Table 3.4 1Table 3.4: MQ-135 Gas Sensor SPecifiCation ...........ccoceveieiineninieeieee s 41
Table 3.5 1Table 3.5 PM2.5 GP2Y1010AUOF Compact Optical Dust Sensor Specification...... 42
Table 3.6 1 Table 3.6 DHT11 Humidity and Temperature Sensor Specification...............c....... 43
Table 3.7 1Table 3.7: LCD 16X2 SPeCITICALION ......c.coveiuiiiiiiiiicieieiee s 44
Table 3.8 1 Table 3.8: LCD 16X2 SPECITICAIION ......ccvevviiiiiiiiiiieie e 45



LIST OF FIGURES

TABLE TITLE PAGE
Figure 2.1 Diagram of fine particular Matter SIZe...........ccovvieeieeie i 11
Figure 2.2 Causes Of AIr POHULION .......ooiiiiiiiec e 15
Figure 2.3 HAze iN MalaYSIA .......ccueoieiieiecieiee sttt ae e teenesneesnee e 18
FIQUIE 2.4 10T ArCRITECTUIE ..ottt 19
FIGUIE 2.5 10T SYSTEIM ... sttt ittt et et e et e e be e e sse e s reeteeneesaaeneean 21
Figure 2.6 Proposed SyStem AFCHITECTUIE ......oiiiiiiiiie et 22
Figure 2.7 Web service and Android APPliCALION ........cccooveiiereeieiic it 23
Figure 2.8 Proposed SYStem AICRITECIUIE ...........oiiiiieiiee e ciee e crese e cte st e e sa e see e sne e 25
Figure 3.1 1Figure 3.1: Process FIOW Chart .........cccooiiiiiiiiiiiiecse e 34
Figure 3.2 1Figure 3.2 SUD CONtrol SENSOFS ......ciiiiiiiiiiariiiiesie i iieie s aaaitee e e tae s nae s e enresneesseesens 35
Figure 3.3 LFIgUBatat bt R e e O e s n o 2. B 2 Ok IR e Rl o oo v veeresnesns 37
Figure 3.4 1Figure 3.4 Environment sensing nodes (indoor & outdoor)..........ccccceevvevieiieiieenens 38
Figure 3.5 1 Figure 3.5 WeMO0S D1 WIFI R3 .......ooiiiiiiiiiieeeee e 39
Figure 3.6 1 Figure 3.6 MQ-135 GaS SENSOK ....c.ecveiuieieeieiieesieereseesteerestaesteesaessaesteessesneesseeneens 40
Figure 3.7 1Figure 3.7 PM2.5 GP2Y1010AUOF Compact Optical Dust Sensor ..............ccee.eee. 41
Figure 3.8 1Figure 3.8 DHT11 Humidity and temperature SENSOr ...........ccvvevvverieiiieesreesiee s 42
Figure 3.9 L FIgUIe 3.9 LCD L1BX2.....cuieiie ettt ettt sba e be et ne e nne e 43
Figure 3.10 1 Figure 3.10 HC interface MOdUIE ...........cooiiiiiiiiiiiee e 44
Figure 3.11 1Figure 3.11 Arduino IDE SOftWare ..........ccceciiiiiii i 45



Figure 3.12 1Figure 3.12 Proteus 8 profeSSional .............coviiiieiiencieneiseseeee e 46
Figure 3.13 1Figure 3.13 ThingSpeak 10tT Platform .........cccccooveieiiiiieeccceee e 46
Figure 4.1 1Figure 4.1 Overview of the sensors element ... 48
Figure 4.2 1Figure 4.2 Connection of Wemos D1 ESP3266 Wifi R3 to the sensors element ..... 49
Figure 4.3 1Figure 4.3 OVEIVIEW OF PrOJECT .......c.ooviiiiiiiiiiieeee e 50
Figure 4.4 1Figure 4.4 Carbon Dioxide level in two different places ...........ccccccovveiiiiiiiinnnne. 52
Figure 4.5 1Figure 4.5 Comparison of the concentration of carbon dioxide in two condition..... 52
Figure 4.6 1Figure 4.6 Carbon monoxide level in two different places ..........cccovvvieniiiinnnne 54
Figure 4.7 1Figure 4.7 Comparison of the concentration of carbon monoxide in two condition. 54
Figure 4.8 1Figure 4.8 Temperature level in two different places...........ccocooviiiiiiiiicienenee 56
Figure 4.9 1Figure 4.9 Temperature level in two different places..............cccovvevi i cvciciesees 57
Figure 4.10 1Figure 4.10 Comparison of the Temperatures and humidity in two condition ....... 57
Figure 4.11 1Figure 4.11 Particular Dust level in two different places..........ccccccoveriivciieinenens 59

Figure 4.12 1Figure 4.12 Comparison of the Particular Dust in Two Condition ...........c.cccue...... 59

Vi



LIST OF APPENDICES

APPENDIX TITLE

PAGE

Appendix A Coding Air Quality Monitoring Sensor using 10T platform ...

Appendix B Data Sheet of Mq135 and Dust Sensors

vii



CHAPTER 1

INTRODUCTION

1.1 Introduction

In this chapter, details regarding the whole project are explained. This includes the issues,
which the research is concerned, the problem statement of issue being studied, the aims and
objectives of the study and the rationale and significance of the study. Moreover, this section also
explained the scope, research questions and organization of the study. Therefore, this section
consists of overview, background of study, problem statement, objective and scope of the study.
Other than that, this section also provided extra information that are related to the project such as

the definition of air quality monitoring using IoT and the table of air quality index in Malaysia.

1.2 Background of Study

According to Institute for Medical Research and Occupational Health, Zagreb, Croatia, air is
the inevitable transfer medium of environmental pollution to people while polluted food or water
can be avoided, the air is inevitably breathed in any environmental in which people stay or through
which they pass. They claimed that pollution comes from both indoor and outdoor sources. Indoor
pollution is caused by human behavior such as cooking, cleaning, and smoking, while outdoor

pollution is caused by pollutants produced by industrial areas, buildings, and furnishing materials.



In the middle of century, air quality research at work was a natural part of the job. Smog
episodes in large cities and industrial areas demonstrated that not only workers were exposed to
polluted air, but that all citizens, including small children, pregnant women, sick and elderly
people, and others, were constantly polluted by heating, industry, traffic, and natural disasters.
Because every living organism requires air every second, no living creature can exist without i,

and that air must be fresh and clean.

Air pollution can harm us when it accumulates in the air in high enough concentrations.
Millions of people live in areas where urban smog, particle pollution and toxic pollutants pose
serious health concerns. People exposed to high enough levels of certain air pollutant may

experience:

. Irritation of the eyes, nose and throat.

. Wheezing, coughing, chest tightness and breathing difficulties.

. Worsening of existing lung and heart problems such as asthma.

. Increased risk of heart attack.

Additionally, chronic exposure to air pollution can result in the development of cancer and
damage to the immune, neurological, reproductive, and respiratory systems. In severe cases, it may
even result in death. Air pollution is a problem that affects everyone. However, certain groups of
people, particularly those who are sensitive to common air pollutants such as particulates and

ground level ozone, may experience adverse effects. Sensitive populations include children, the



elderly, those who engage in physical activity outdoors, and those who suffer from heart or lung

diseases such as asthma.

The earth's atmosphere is made of a delicate balance of naturally occurring gases that trap a
portion of the sun's heat near the surface. This greenhouse effect contributes to the stability of the
earth's temperature. Unfortunately, mounting evidence indicates that humans have disrupted this
natural equilibrium by producing large amounts of several of these greenhouse gases, including
carbon dioxide and methane. As a result, the earth's atmosphere appears to be trapping more of the
sun's heat, increasing the planet's average temperature, a phenomenon known as global warming.
Global warming, scientists believe, will significantly affect human health, agriculture, water

resources, forests, wildlife, and coastal areas.

Haze is created when sunlight comes into contact with microscopic pollution particles in the
air. Haze obscures our vision's clarity, colour, texture, and form. Certain pollutants that contribute
to haze are released into the atmosphere directly by power plants, industrial facilities, trucks,
automobiles, and construction activities. Others are formed when gases emitted into the air, such
as sulphur dioxide and nitrogen oxide, collide with one another and form particles as they travel

downwind.

The rapid advancement of The Internet of Things (I0T) and sensor techniques has sparked
renewed interest in air quality measurements. Cities face interesting challenges and problems in
meeting socioeconomic development and quality of life goals today, and the concept of “smart
cities" addresses these issues. The smart city is inextricably linked to a strategy for addressing the
problems that come with rapid urbanization. The Internet of Things (loT) is a network in which
physical objects are linked to one another or to larger systems. This network gathers large amounts

of data from various devices we use in our daily lives and transforms it into usable information.

3



The Internet of Things (10T) is a rapidly evolving concept that supports a wide range of areas and

applications, including health, education, agriculture, industry, and environmental monitoring.

1.3 Problem statement

Currently, air pollution is the world's most significant environmental issue. Air pollution has
a detrimental effect on human health, the environment, and ecosystems. Air pollution is caused by
toxic gases released by industry, vehicle emissions, and increased concentration of harmful gases
and particulate matter in the atmosphere. The air pollution that contain in our ecosystem is Carbon
monoxide, Particulate Matter, Sulphur Dioxide, humidity and temperature. Air pollution can result
in various serious health problems in humans, including respiratory, cardiovascular, and skin

diseases.

Today, where air pollution has become the most significant health risk for the environment,
the interest in air quality monitoring is increasing. Mobile technologies recently positively impact
how we manage our health, particularly on the Internet of Things, data technologies, and machine
learning. With the production and widespread application of portable air quality devices based on

loT, air quality can be instantly monitored by people in their living areas.

1.4 Objectives

The objective is to build an air quality monitoring based on IOT to ease people in an area. In order

to complete this project, the following objectives have been considered.



1. Tosimulate an air quality monitoring system in indoor and outdoor environment.

2. To detect gases and particle dust that have in air using the air quality sensors.
3. To analyze data and readings of gases found in air using loT platform monitoring.

1.5 Scope of the study

The scope of this project are as follows:

a) Develop and design a monitoring system project prototype for gas concentration,
particle dust in the air, Temperature and humidity.

b)  This project will be carried out at the TAMAN TASIK UTAMA, located in Durian
Tunggal, Malacca.

C) The main controller used is Arduino WeMos D1 Wi-Fi R3.

d) At the end of this research project, a prototype and hardware of a project that can

monitor the concentration of gases and particle dust found in air is developed.

1.6 Significant of the Study

This project aims to create a prototype that uses an Arduino Wemos D1 Wifi as a controller
to monitor the gas concentration in the air in the environment. Normally, the government will alert
people about the air quality. However, this monitoring of air quality will save time and sooner alert

people about air quality level.

There are numerous other implications of the study for this prototype. The MQ-135 Air
Quality Gas Sensor Module on the control unit is a significant element. This will help to reduce

the time constraint.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter, past researches that are related to the research project research such as journals,
articles, news, books and websites that are related to the research are discussed. There are few
sections in this chapter explaining about air pollution, effects of air pollution and case of air

pollution in Malaysia.

2.2 What is Air Pollution

Air pollution is the presence of substances in the atmosphere that are harmful to humans and other
living things, as well as causing chaos on the climate and natural resources. Air pollutants come
in various forms, including gases (ammonia, carbon monoxide, Sulphur dioxide, nitrous oxides,
methane, and chlorofluorocarbons), particulates (both organic and inorganic), and biological
molecules (Comunian et al., 2020)(Sun, Hong and Wold, 2010). Air pollution can cause disease,
allergies, and even death in humans; it can also harm other living organisms such as animals and
food crops, and it can inflict damage on the natural and built environments (for example, climate
change, ozone depletion, and habitat degradation) (for example, acid rain). Air pollution can be

caused by both human activity and natural processes.



Air pollution is a significant risk factor for various pollution-related diseases, including
respiratory infections, heart disease, chronic obstructive pulmonary disease (COPD), stroke, and
lung cancer. The effects of low air quality on human health are far-reaching and mainly affect the
breathing and cardiovascular systems. Individual responses to air pollutants vary depending on the
type of pollutant, the degree of exposure, and the individual’s health status and genetics. In 2008,
the Blacksmith Institute’s World’s Worst Polluted Places reported identified “indoor air pollution
and poor urban air quality as two of the world’s most serious toxic pollution problems”(Blacksmith
Institute, 2008). Outdoor air pollution alone is responsible for 2.1 to 4.21 million deaths each year.
Globally, air pollution kills approximately 7 million people each year and is the world’s single
most significant environmental health risk. The scale of the air pollution crisis is staggering: 90%
of the world’s population breathes polluted air to some extent. Although the health consequences

are severe, the issue is frequently handled haphazardly.

The global economy is estimated to lose $5 trillion annually as a result of lost productivity
and lowered quality of life caused by air pollution. There are numerous technologies and strategies
for reducing air pollution (Quarmby, Santos and Mathias, 2019). International and national
legislation and regulations have been implemented to control air pollution and mitigate its effects.
In cities, strict enforcement of local laws has resulted in significant improvements in public health.
At the international level, some of these efforts have been successful, such as the Montreal
Protocol, which limited the release of harmful ozone-depleting chemicals, or the 1985 Helsinki
Protocol, which limited sulphur emissions, while others, such as international action on climate

change, have been less successful.



Table 2.1 comparison of pollutant concentration and sub-indices

Air Quality Index (AQI)
AQI index NO. 50, 0: 0 PM.q PM. - CO (PPM)
(ppb) (ppb) (ppm) | (ppm)[1] (ng/m’) (ug/m’)
Good (0~30) |  0-53 035 | 0-0.054 - 0-34 0.0-15.4 0-4.4
Normal 54-100 1675 | 005 R 35-125 156354 4594
(31~100) 0.07
Unhealthy 101360 | 76-185 | 0.071- 0.125- 126-234 | 355544 | 95124
for zensitive
Eroups 0.085 0.164
(101~150)
}Tﬂ&ﬂﬁ}= 361-649 | 186-304 | 0.086- 0.165- 255354 | 545154 125154
or
ETOups 0.105 0.204
(151~200)
Very 630-1249 | 305-604 | 0.106- | 0.205- 355-424 150.5- 15.3-30.4
unhealthy 2504
(201~300) 02 0.404
Harmful 1250- | 6035-804 2] 0.403- 425-504 %%4 30.5-40.4
i
(301~400) 1649 0.504
Harmful 1650- | 805-1004 2] 0.503- 503-604 JD%Z 40.5-50.4
ikl x
(401~300) 2049 0.604

2.2.1 Carbon Dioxide in daily life

Carbon dioxide is a chemical compound made up of a single carbon atom and two oxygen
atoms. It is a colourless gas with a faint, sharp hue and a slightly sour flavor (Lighting, Poisoning
and Alloys, 2004). It is a trace element in the earth's atmosphere formed during the combustion of
carbon-containing materials, fermentation, and respiration of animals and is utilized by plants
during carbohydrate photosynthesis. Photosynthesis is necessary for the survival of life on earth

because humans and animals rely on plants for food.

Hypercapnia is a medical term for CO2 poisoning. This occurs when the blood contains an

abnormally high concentration of CO2. Early signs of hypercapnia include skin flushed, muscle



