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ABSTRACT

Air pollution is one of the leading global public health risks but its magnitude in many
developing countries’ cities is not known. The level of air pollution has increased with times due
to different factors such as increase in population, industrialization and urbanization which
results in harmful effects on hurnans by directly affecting health of population exposed to it. The
currently used systems however not in Uganda do not have an automated control mechanism,
they are unreliable; expensive, hard to read and their main focus is on vehicles yet people spend
most of their time working indoors in different factories hence their health is compromised. In
this system, the carbon monoxide sensor, temperature and humidity sensor are used to detect
increase or decrease in the different conditions then the system takes a control action by alerting
both the industrial management through the use of the buzzer and National Environment
Management Author’ity (NEMA) through messages by using a GSM modem. This system will

reduce the health effects that arise from air pollution exposure.

vii



Table of Contents

D ECLARAT!GN T T T T B L L L L L T T T T R P T T

APPROVAL....ovvinvirrecieceansivnssaiicns

DEDICATION....... ceravaseeeremaannartasasaaens W I

LIST OF ABBREVIATIONS ....covvisctimtansreseosnescssbnsinnssnsraisorssesstassmsassasessnsimssissavassonarasanss et sassiansvnssassensedontssns
LISTOF FIGURES it ivietriircerssons o sssssssssssinsearmsnsros e rons sons

ABSTRACT o ieerrnnes ekses et s et R s srre e e mns e e vnesraarsarenierins
Table 0f COMENES .ot e v e syme s st ssevatsmnrr s se smnd

CHAPTER ONE: INTRODUGCTION coeveoeeeee oo eeeeoees e s ssesesessssseesasssessasessssssreeseeeesesaeses e sesseesen s sesemseeessmmsarean

1.0 IntrOdUCHON e ieeeeeeereescse s s esseerni arevevanes

1.1 Background ......sweeerseresserssmesnronseressossransens eeeeesbnirniaseteneeareraneanen B

1.2 Problem Statement .....ccvee e rseeceeimnsesrrinesespesersres eneaveres

1.3 OBJECHVES «ovverriancrarecemseamnneivvensensisnenns

1.3.1. General OBJECHIVE ...ererrvrernermesreserrernssasons

1.3.2 Specific Objectives ............ trrrereretes s bt e e T bR a S
1.4 JUSHFICAHON c-vev it ceniemrar e e sanssessesscpandnaberesibmrraserspossonssas
125 SCOPE it rrrerrmssiinsms i sismress s imraen s ers et s e s risa s b e s senn e aeme

1.5.1 TechnICR] SCOPE.....comviimriviciiimsiraniiornr st st stsin s tasa s st sa e som it famb et e b s R s s A s sar s pesaravronsorereasens

1:6 Limitations .—.cvoceeecescnnas asmqemarmenenmnas e taed aanas rrressanana ieriermeerearieaaeastarasasas

CHAPTERTWO ..ottt ccir i
LITERATURE REVIEW L....cciinivinivmisrrnrrcsnecesenenanas

2.2 K@Y TOIMIS .. vvevaseevesvesrsemsesesisiassesasiessessssesssesserensnsssastrssssssmssessesassisss s berasessatesssassassssansnss ensssssnssnsessrin

22,1 AUOMIBHION.. irer e sisiisne s rreersrnereremresmssss st s nanssnss eereerrnsserrantrenarespanssantane _

2.2.3 AL POHUBOM v ctccssecsessesen s sensems s vemersosnn

2.2 A COTIVETSION TACTOES i oteemeruvreerraresmiestaessmesemeeaeesseesaoeesmesmsanseeeseembesedsessesen smmenesns st eemeeesseessessnansensersnes

D T T T L P

2.2.5 Air Quality limits ..o :
2.3 ReEJAtEd WOIKS .oevirimrmmnrimsiesomesmseiscssssscassosaassosseaivassasass doeesenecase iostrinas amnesasesinsns sonas amasses s svesninsae
2.3.1 Conventional air pollution monitoring SYSEMS .....er.verereeecsssesnsens _
2.3.2 A Real-time Air Quality Monitoring Through Mobile SEnSing ... irieeesionmmsnsisessssssssssens

12.3.3 WSN based urban air qRality MODIEOTING SYSTEM c...eevsueerrarecvirseiivinesscsensasorsasineasssesssessascorsssesios

viii

N N - T (- T



2.4 Drawbacks Of the TEIALEA SYSIEMNS ...veveirerrreriinsserrsrrorrasssrssrsssrsrssnssrsssssrssasssressasssbrarsmassssssssassrsassancasses
2.5 E:{isti'ng__S_ystems COmMParison TADIE ..o vt s cmrsssrassesssesrassssarssssnsersnensasesvanssnransorsasises
2.0 DICSIENEA SYSIOM..crurueeirererrrenniiessraresiessrasesrassssaesssonssasersessensarssansssriass asesrossas snsessassassasessrammnsinsssansnes
10

CHAPTER THREE .o eeeeeee et eeemeaeeoeaeenaesaenaeeasamenaeammamsasne st eeeamams ot emnnsnmt e 2 emeeseasemetmessesatsmmamessaesraesarasrieess

METHODOLOGY P e NP e
JR I L 150710 vt 1 [0 5 DTS U RO EPR
3,1 Requirements EHCHAtON ...vvv.vvererveecerioesenns

3.2 Data Collection Methods ........cccaninnnis

g g A M TN

10
10

10

32,1 LIErature REVIEW ..ciruvicvisrecttinsssrtrsnessseesererasmesmmssbesserabsmssmessasssessenssots sosmtestsoemsons assasssesasssstsnssas

3.2.2 CONSUHATION .o.vvrvecrrrseessessecessessssanionsessnssssrsiassbansssssivemsons
3.3 Requirements ANBEYSIS ....ivirrimre it s s s ensiss s s ssess b s s aasiasay s e snetsasiondosras
3.3.1 Functional Requirements ....ccoueecorereverecrencernrons
3.3.2 Non-Tunctional REQUITEIEIIS .........v.c.ivermmsnesvoesoestsorsresssessaeossesasesonsssasssessessssencossamesseres
3.4 SYSLEM DESIZN cvcervirrecnee e crsismassiseasassersmnesvanssnssassessncassessens
3.4, 1 HardWare.....vveveececvessvsircressvescsssns
3.4.2 Software........ ST deresereeeasinons
3.5 System Implementation.......c.cvmerevsinae
3.6 Testing and VAlIAation .......eoeaeeesessnsiesssasseressrsssesssssisssssesssnsvisssssnian
3.6, 1 UNTUIESHNE .o iocr i icrsnen s dinisasssscsss s tocossinaseetanssonssisensssenisioensins srosassraraenses sesvarsarsasenres

3.6.2 Integration testing .........

3.6.3 System testing ..o eeeerreecerrerscerceenees SO Areetvss s ae bbb e s eran s senbeer e nen s emsenne e aranes
CHAPTER FOUR ...cocmneiniicinscepssss seremsicnncninens
SYSTEM ANALYSIS AND DESIGN....covurverrsrsseismcisetsrssimsemosssrsiansassossesessosnssnsensessasessenssneasasesssiesseasesesseesens

4.0 TEOAUCHON. covrerrereersarserrsssessasessssrasesanses

.10

A L R 8 B B R Mt A Ak A d A $ i St YA bmr b dmma bR ATy E

i0

.10
.10
.11
a1l
e 12

w11

e S

L L T T T Y

M AT P A AT R T AT YT R RN A AR LA RARY b AR AR AR N bbb nad i v

BT e e

4.] FUNCHONAL ANAIYSIS. covsrerrmirimreerrinsssims et einssintriosssrrississnonrsrpisesrassassss sersasstsessasessasssssns resstsssssssosemensen

4.2 ReqUirements ADALYSIS .......cvuresemsssrsssinsossresessscassesoses

4.2.| Functionat REGUITEIMIEIES v ervvvrrnsnsesisssesinsisnsssessiarssssssssissasnsiod sscmssstsrosaebesborssess srmesces st sessmssnessesise

4.2.2 Non-Functional Requirements ..........
43 System Design ...covvcevcnnconreninennes _
4.3.1 Logical desigi 0f the SYSIEITL ccovvrmuueerimesaesessesssis s s sssssss s srssssseessssssesenss s reserassesssssessinanceses

4.3.2 The Physical Design; ..o evrvereeresncreresns

L T T L T Py P R P P P

11
12
e 12
12

13
13
14

oo 14
.14

14

.- 14

14
15

e 15
- 16

16

L L T L L TR T P P R




4.3.3 SCREMALIC QIBEIAMT ....eveeer et ecracoaraenc s et sirncnsrtaesensssnssesssessrenssparess s besbsan s b sata s sabassshesessasssennass

CHAPTER FIVE. .ot ie e e eereessansss e e e eivimmsaon
IMPLEMENTATION AND TESTING ovecvrceeensrasissemsetoesonsasssimnrassssssessesssssresssesssessnsomsions smsensesssestossasssnses

50 TNrOdUCHON. v rae v evernseeaes et eetemeneeeteeeeereemene e ot s v mer s emeanetoemmeesanarnemans

501 Arduino. .ooveeeecrion s s
5. 1.2 PLOIEUS. cav e eiremeitesesesseanassasnesesesssseseanessasnseesnosiesnsasenonsacnssdosssemtessnamessasas smatemtarmsensmnbrecsssosesaeassaiasons

5.2 Code Designis. couwivinn.: avezaerivemsans temmeremrgererireninsenatnd reenannmennene

5.2.1 Air quality, temperature and NUMEAIY -.ecereoneerersrrerensscormnsesserscennes carsateraes venrsarsesrezsniassn b ien s
5.3 SYSEIN TSN cuv e cciirermneresmrsismssssess st rass s on s es o seb et srb e et s anan SRt s bs s s RE e sr o bR bbb
S5 SYSIEI Vel ICatION. ... urseriieeeaecien e crmrcrrperarmastinssenstassssaseearessasmesmsesseantianbesnrarsebasnessssinioesiensmsasescnns
5.5 Validation of the SYStem ......ovrccnrerersareereserens R reraearssarteesrsssarregensarsata et ensemasressisetensarsates
5.6 SyStem evaluation .. ressssressene st ses et

CHAPTER SiX.......... eeueesss s smaiessns s ssareres eieenosenagihs s ses e bt e ssteneg s senreras eeessmee st aa st

DISCUSSION AND RECOMMENDATIONS. ..ovvviieerienrieeriesssssmtarsentrrssesssssstsssssasasossssssemnsonssensansssssarssibansnion
5.0 BIEFOUUCHIDN cviieeieisce v csiecieec e e e emcassavsnrsreesseesesssssesyassainares benaressnmeesin snssance sasssmnisssabanssssareessers
6.1 SUMMAIY OF WOTK DONE . et st niatssasst s emssern s nessonsessgass sas s rpa at st s bamtr b e ennrmanronsn
6.2 Critical Analysis /Appraisal of Fhe WOrK......c.eveeereremnrvcrsmncnsenivennnas
6.3 ReCOMMENABLIONS. «.ciieeieeciiirirmsienivne s serssrersae e s smes e e senrenedosrn s nans
6.4 CONCIUSION. 1vcvsveeraeerasececrvenrcsersararess eereamcussiasarenteatasateasnentn S eereneonas e teestatt s nenens R

REFERENCES 1.v.ovvooveveseseseessesessessassssessesesseessssmsesscosen e eesessseessesesreeesoesesssssmsnssssearssachessesssbemssetesrsms ens st s
APPENDIX 1: Project code design weverreviivrnerinannaiie

22

.23
.23
23
.23

23

.23

23

.25
.25

25

.26

27

.27
w27

27

i 27
27

28

.29
32




CHAPTER ONE: INTRODUCTION.
1.0 Introduction
This chapter comprises of background, problem statement, objectives of the study, justification
and the scope.
1.1 Background
In many cities, air is polluted by emissions ffom sources such as power plants, manufacturing
processes among others. When gases and particles from those activities accumulate in the air in
high enough concentrations. they are harmful fo human health and environment [1]. Air pollution
is a fast becoming grave threat as levels of toxicity in urban centers increase beyond safe limits
[2]. The rapid industrialization, fast urbanization, rapid growth in population and other activities
of human beings have disturbed the balance of natural atmosphere([3]. Air pollution is one of the
most important factors affecting the quality of life and the health of the increasingly urban
population of industrial socicties, Health problems commaonly Associated with air pollution
exposure include: respiratory diseases such as the chronic obstructive pulmonary disease,
- asthima, lung cancer and acute respiratory infections in children and cardiovascular diseases such
as ischemic heart disease and stroke [4].
According to the 2014 WHO Report, in 2012 about 3.7million premature deaths ocourred across
the globe due to exposure to particulate matter of 10 microns or less-in diameter (PM10) [5].
On the 25 March 2014, WHO released new estimates of the. Contribution -of air pollution to
global mortality showing that seven million deaths were attributable to air pollution worldwide
in the year 2012, 3.7 million due to ambient air pollution (AAP) and 4.3 million due to indoor air
pollution (JAP).This number represenis a doubling from the air pollution mortality rates
estimated by WHO in the year 2004 [4]. The United States (US) National Ambient Air Quality
Standard (NAAQS) designates all of the above plus airborne lead (Pb) as criteria pollutants,
WHO and the US Environmental Protection Agency (USEPA) have defined guideline limits for
these pollutants that should not be exceeded in-order to maintain arid protect public health [4].
The WHO liniits for PM2.5, PM10, NO2, SO2, and O3 are 25 pg/m3 (24-hour mean), 50 jg/m3
(24-hour mean), 12 8677 pg/m3 (one-hour mean). 20 ug/m3 (24-hour mean), and 100 pg/m3
(eight-hour mean), respectively [4].
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