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Abstract

This project combines a Han-effect water flow gauge. with an Atme] chip-the 8,-bit
ATMega328PU microcontroller in i8 pin,',DIP package, with double flash 'space and an
HD44870 character: based LCD- JHD162A to make it easy fQr you to measure water
consumption in your shower, bath, or other parts of the, house. The overarehing goal of this
project is to motivate more sustainable water use behaviour and raise awareness about global
water issues because many people waste a lot of water hence leading to ,increase jn"the,
'home's daily expenses. Measuring 'cumulative volume makes it easy to determine total
consumption across a period and .is accurate in terms oftotal usage. Both the flow rate and
the cumulative volumes are displayed on 'an LCD,. This project was therefore aimed at
developing a GSM based system that would solve the. aboy€!problem through. the following-
ways; displaying the amount of water being used and ieft to be' automatically cutoff >

automatic cutoff of water flow ifrnaximum set volwne orwater reaches arid notifications to
the user about. the state of water ..usage at home. The work is arranged mainly in six chapters,
'Chapter one includes the ,iritroquction of a.GSM based domestic water usage monitoring-and
control system. Chapter two discusses, the Iiterature related. to the system, Chapter three
.illustrates 'the methodologies used in corning up with the working prototype of the
.system, Chapter four includes system design and analysis, ,Chapter' five is contains the
implementation and. testing of the system .and chapter six contains the summary of the
work, ,discussions and recommendations.

v



Table nf Contents

Declaration .........................•............".'-v- ~...•..... , ~.~ i
Approval , , , ,' " , , ~ ,.«.,jj

Dedication , ~ , , iii'

Acknowledgement r _ .. .,. •••••••• , , iv

Abstract 7 ••• , ; .. : ~ ; v

Table of'Contents, , 1 , i " vi

.List of Tables , x

List of Fignres· __ · · < xi

List of.Abbreviattons , , , , xii

Ca4.PTER ONE , , 'f
INTRODUCTIO:!S , , 1

1.0 Introduction , , , 1

1.1.Background ~ , ~ l

1.2 Problem statement ~ , :.7.••• ~: 3

1.3 'Objectives , , , , , ,; -; 3

·:1.3.1·dener.al objective ~..: "' ~ " ~..3

1.:3.2 Specific objectives ; ~ ,._.:...;...:...:. ~.., , .3

1.4 Justification/Significance " , , " 4.
1.5 Scope ~ ; ~.. i••; , , 4

'1.5.1 Content scope _ " " " , " 4

1.5.2 Geographicalscope , , , , , 4

.'1;5.3 Time scQpe < , •• , A • .," 4,

1.6.Limitations .,. , ,., '; ~ , ; , .:.. 4

CIJAPTER.TWO' , , : : : , ~.." 5

LI'tERt\ TURE :RE"VIEW " , ; ~ : ,._ ~ " ,5

2.0 Introduction , , 5:

2.1 Flow measurement ~ , 5
2.2: Water flow ·.._.. ;., , , .5
9 n. ': .
....J Types of water meters , , , 6

2.~.] Displacement Water Meters ' .., , , __ '..~ , 6

vi



2.3.2 Positive Displacement Meters ..~....•...... ~.......•... ; ;., ..•........•.............•... 6

·2.3..3. Velocity Meters : : .; <._« ..• ~_.. ~ __ ~ 7

2.3.3 Types of Velocity-Based Water Meters .: 7

2.3.3.1 Single and Multiple-Jet Water Meters "u " " ".~ 7

2.3 ..3.2Turbine Water Meters : ~ __..~ 7
2.3.3.3·Com.pound Wa,t¢r Meters _ · · <0 7

2.3,4 Electromagnetic and Ultrasonic Meters 7
2.4 Units of measurement 7
2.5 Automatic Meter Reading ~ , R

2.5.1 Touch technology 8
2.5.2 AMR Hosting ..~ ; ; ~ ~ ; 9

2.5.3 Radio frequency network " ,." ,,, 9

2. 5~3.1Handheld ~ , ~ l0

2.5 ,J.2 1\1obile ,.; ~ ~ :........•..... , ~ 1.0

2.5·~3.3Fixed.network i : ·.. 10

2.5.3.4 \ViMFi · 10.

·2.5.4 Power line.communication 11
2.6 Advanced Al\1R and Ar>.1:J 11

2.7 Closely related existing systems 12
·2. 7.1. Engineeting.praetices., .•....« , <.. , 13·

2.7.1.1 Other Engineering existing systems ~ 14

2.7,2 Behavioral practices _ <0 ••••• 16

2.8 Technologies used in the proposed system , 17

2.8.1 The GSM .technology : 17

2.8.2 The SMS technology. : 18

.2.9 Weaknesses and. gaps in the existing systems 18

2.9.1 Positive Displacementmeters ".. 18
2:9.2 Engineering practices "" }8

2 ..rOThe proposed system , 19

CHj\PTER THREE ~ ~ ,..,.•....., 20

METH.OD.OLOGY ,..~ ~ ; ; ~ 20·

J.O Introduction ~." ~ ., : ,.: · 20·

3.1.System study ~ · · ~20

vii



3.1.1 Requirements elicitation ,.; ; ~ ,.. r , ~O
'3 1 ? R '.. t A . I . . '0.' , .~. equrrement na .ySJs : , ........• , ~ ~ , __ :...

3.2 System Des~gn ...: ~ , ~~ · ; ;..: ; , 21

3:2.1: Hardware tools ·, , , , ;; ~ ~ 2 t

.3.2'.2 Software tools ~ 22

3.3 System 'implemerttaticn , ; ; ~ ., ~ 22

:3.4 Testing and validation , " , 23

3.4.1 Unit testing; " , , 23

'34? In . . ')3.. '_ tegranon testing _.

.3.4.3 System testing '" " " , 23

CHAPTER FO{]R ..; '~"..; , t , , , 2A..
SYST'EM ANALYSIS:AND D.ESlG~ : 24

4.0 Introduction , ' , ; ,; ,., , '24
4.1 System Analysis .......•...~ -...•, '" "." " " , ~, i4·

4.1.1 Functional analysis , ~ " , ; ;: , 24

4.1..2 Requirements Analysis , _ " : 24

.4.1.2.1 Functional Requirements , {.7 , ,24

4.1,.2.2 Non-Functional Requirements , " 25

4.1'.2.1 System Requirements , · 25

4,2' System design-and-analysis , .: · 26

4.2·~1Hardware analysis _ 26

4.22 Software analysis '", , " " .., ,.., 26
4.2:4 Hardware (Physi¢al design) ~ - " , , , __.28

4.2.4.l Block diagram of the developed system n "., " •••• ,,, 28

4.2.4.2 Schematic diagram .of'the developed system , ;..; , 28

4.2.4.3 System modules , · 29

4..2.4.4 Hardware components , ;, ; :30

CllA.PTER FI'iE , , 33

IM~LE1VIENTATI()N AND TESTING , , , 33.

5;0 Introduction , , , 33.

5..1 Development platforms .. : , ; , : : , 33

5· 'Co'd'" design ,... ''''3"........ ,. ." ~ ,.~<I ~, ~~<.~_ , ~4._ ".~ ~ .. ~ •• "4~"..' ~ ~ _~~_44~.~.44 ' _ , ( , .. ,. 4' ;) ...

:;.2..1 Sample code for setting maximum volume of water ~..34

viii



5.2.2 Sample code for detecting maximum pre-set-volume and turning off the valve.J4

523 Sample code for displaying flowrare, maximum and remaining litres ,,,< ,,.35

5'.3'The systemoperation ~ ' ..•.., -; ~ 3.~

5.5' Verification. ; ,,. c 36.
5:·6 '" alidatiorr , , ~ ,..,.,':"" ~ , 36

5.7 System evaluation ~ , ~ ~ ~ 7"' : , ~•• J6.
CffAPTERSIX · · · 38·

DISCUSSIONS AND RECOMMENDATIONS 38

6.0. Introduction , , , , " 38

6.1 Summary of the' work , 38

62 Critical analysis/appraisal of the work , 38

6.3 Proposals /recommendations .lor the future work , :., 39
6 J1 r I···· 3'9.,.·· QDC l,IS10n5 , , , .. '

REFERENCES ..: , ,., 40.

APPENDI.CES ~ : ~ , '; , , 42

Appendix-ta): Project code ~..~.~..•.... ; 7~ 42

Appen dix (b): system snapshots" , 47

ix



List of Tables'
TabJe 1~Showing current water conservation. practices .,..;.: ; 13
TabJe 2: Showing the key symbols used inthe flow chart , .." ,." ,...•.., 26



ljst of Figures
Figure 1: Showing flow chart of-the developed system : 27
Figure 2: Showing the block diagram of the developed system .~ , , 28
.Figure 3: Showing. the schematic' diagram of the developed system : , , 29
Figure-k .Showing the·.LC.D ," " i , " .. , "".""'"'''' , " ".,.", .. 3 J
Figure 5: Showing the pushbutton ~ , , 32

xi



List of Abbreviations
AMJ Advanced Metering Infrastructure

.A~

:DC

GSM

IP

LCD

NGOs

N'WSC.

PD

PLe

vee

WHO

HEF

Automatic Meter Reading .

Direct Current

Global System for mobile communication

Internet Protocol

Liquid Cathode Display

Non-Government Organizations

National Water and Sewerage Corporation

Positive Displacement.

Power Line Communication

Uganda Communicariens Commission

World Health Organization

Hall Effect Sensor

xii



three interlinking arrows in the recyclable materials symbol, reduction of-waste is the-first

ofthe several mean s of resource conservation-tthe other means being. reuse. and recycling).

It is far trickier to determine .the consumption of a resource that is controlled in units of

volume. Use of resource's such as water, fuel, gas, and even electricity is typically measured
by gauges that determine either instantaneous flow rate Of cumulative volume over time.

Measuring flow rate at frequent intervals allows, the user to do time-based: reporting and

generate a graph. of how the. flow rate varies over time, but 10 determine the total

consumption by volume across a specific time period, then integration of the data has to be
performed.

Currently, water usage monitor and control i,s on behavior changes which have the potential

to halve house hold consumption, however assumingrationalactors.people will only change

when it is to their benefit [4] , and this stiu leaves a burden on 'the head of the 'home

responsible ofensuring that water' is available. Still more, 'there .are water meters which

enable- the user to know the volume of Water being used but this Ieavesa 'problem with the
household head as he/she cannot remotely monitor the water usage.

Technology has. advanced so much in the last decade or two that it 'has made life more.
efficient and comfortable, The comfort .of being able to take control of devices from one

particular location' has become imperative as it saves a lor of'time and effort. Therefore there.

arises a need to do so in a systematic -,manner through. the proposed system, which is

an extended approach to automating a control system.

According to Pode: & Kale [6],wireless technology in recent years has become very

useful in the 'field of control and automation especially in remote control operations.

Themerits of embedded system are now being utilized into remote' monitoringandcontrol

systemsbecause of lots of advantages. Remote monitoring is an effective method .in order

to avoid interfering with the environment-and 'improve efficiency.

Wireless communication has announced its arrival on big stage and (he world is going

mobile. We want to control everything and without moving an inch [6]. According to uee
[7]~Uganda boasts of'a geographical coverage and population coverageof'ef and 75 percent

respectively for their GSM network, not:just for mobile telephony, but.also for other mobile
appl ications that exploit the mature GsM infrastructure, Uganda' s mobile subscribers have

continued to grow over the past years. According to ucc, there were '8:5'million.subscribers
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