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ABSTRACT

A Livestock-operated watering system is a system designed special for livestock to provide them
access to clean drinking water on the farm without human intervention. In Uganda, dairy farming
is increasing due to its great benefits in terms of its products namely milk and it being highly
profitable which increases the country’s economy as compared to other Agricultural practices like
poultry keeping among others. However, dairy farming normally involves much labor costs in
providing safe and plenty of drinking water for the animals to drink for their proper body
functioning, physiological processes and high milk production, therefore if not monitored
regularly, livestock can be deprived of water and this can be of great loss to the farmers. The
currently existing livestock watering systems do not have an automated mechanism for providing
adequate water to cattle without human intervention. This has led to decrease in the country’s
economy and losses to the dairy farmers. With these challenges faced and studied into from
different forms of literature and observations, a Livestock-operated pump watering system has
been developed through a number of procedures, testing and evaluation done. The main aim of
this system is to provide drinking water to cattle whenever they need it. In this system, four major
functionalities have been achieved namely: Automatic pumping process of drinking water to
livestock operated by the animal itself in form of stepping on weight sensing unit and its presence
detected by sensors; Automatic detection and monitoring of water levels in the storage water tank
and drinking reservoirs; automatic re-filling of water in the storage tank from a main water supply
to make sure that the tank always has water stored in it ; and finally an outlet provision of waste

water after cleaning the drinking reservoir.

In conclusion, this system will reduce the increasing losses in dairy farming mainly in terms of

labor costs and productivity.

viii



Table of Contents

DECLARATION ..ottt bbbt b et b bbb et nn e [
APPROWVALL ..ottt bbbttt b bbb et i
DEDICATION ...ttt bbbk bbbt b b e s e bt et et e bt et e b e e e b e s b e ene e iii
AKNOWLEDGEMENT ...ttt bbbt et sb s e iv
LIST OF FIGURES ...ttt bbbttt Y
LIST OF TABLES ...ttt bbbttt bbbttt ettt n e ebe Vi
ACRONYMS AND ABBREVIATIONS ..ottt s vii
ABSTRACT .ttt b bbbt b e e b e btk b e ARt b e Rt bbb et e neer s viii
TADIE OF CONENES ... bbbt b bt b et IX
CHAPTER ONE ...ttt bttt b et nb e b 1
IO ST ot 0 {1 T SO S 1
1.2 ProbIem STAtEMENT ........c.oiiiiiie e 2
IR T o 1= ot =SSOSR 2
1.3.1 MaAIN ODJECLIVE ...ttt ettt e be e sre e nne e 2
1.3.2 SPECITIC ODJECLIVES ....c.eiiiiiiiiieiec bbb 2

1.4 JUSTITICAEION ...ttt bbbttt bbb 3
1.0 S COPIE ettt bttt 3
CHAPTER TWO ..ttt sttt et e sttt e e b e et e eeneene e 4
LITERATURE REVIEW ....ooiiiiiiiieee ettt sttt ene e 4
2.1 Definitions and Description of Key Terminologies ..........ccooeriiiiiiininiiieiee e 4
2.1.1 Dehydration IN CaAttle..........coiiiiiiieiee e 4
2.1.2 Importance of Water to Diary Cattle ............cooviiiiiiii e 4
2.1.3 Ways water is lost from Diary Cattle ... 4
2.1.4 Weight sensor with its HX711 amplifier.........ccooiiiiiie e 5
2.1.5 HC-SR04 UITraSONIC SENSON ......ccuieuiiuieieitesiesiestesieeieeiete ettt sbe et 6
2.1.6 Ultrasonic Sensor Pin Configuration ...........ccouiiiiiiieie s 7
2.1.7 WaALEr 1EVEI SENSOT ... .ottt bbbt 7



200 0 TR 0 T 1Y/ (] o ) T 7

2.1.9 Motor Driver L298N MOQUIE ........cooiiiiiiii it 8
2.1.10 Arduing MiICIOCONTIOIIET........c.viieiiiiiie e 8
2.1.11 CONNECLOIS (WITES) .. ueeveereeireeteetesseesteeseesteesteeseesseesteaseesteesseaseesseesseaseessaeseaneesseeeeaneenns 9
2.1.12 12VO0ItS WALEE PUMP ...eiiieiiice ettt st sne e e sneenneanee e 9
2.1 13 ARDUINOD ... .ottt sttt ettt se bt e s bt eene et nnens 10
2.2 RELATED SYSTEMS. ... .ottt ettt e nn e e nee e e 11
2.2. 1 AACCESS TAIMIPS ...ttt ettt sb ettt b etttk e b e e b e e b et e an e nbeens 11
2.2.2 Pumped gravity fIOW r€SEIVOIIS. .......cc.oiviiiiiiiiicieee s 12
2.2.3 Animal-operated PaStUIE PUIMPS .......ccvevirreriiriiriieeeieie ettt 12
2.2.4 Wind-powered pUMPING SYSTEMS .....c.vevirieriirieiiieieie ettt ens 13
2.2.5 Solar-powered pUMPING SYSTEMS......cveviitiriiriiriisieie ettt enes 14
2.3 DESIGNED SYSTEM ...ttt ettt e ettt e e nnae e nna e e e nnee e e 15
2.4 THE RESEARCH GAP TABLE ..ottt 15
(O 1 el I I o | SRS 17
METHODOLOGY ..ottt et e e et e e et e e et e e st e e et e e anbe e e snbeeesnraeesnaeeenneees 17
3.1 REQUIREMENTS ELICITATION ... .ooiiii ettt 17
31,1 LItErature REVIBW .....ccueeiieeieciie sttt sttt te e nteeneesneenneenaeaneenneenneenee e 17
TR 101 (=T Y 1= SR 17
TR O 01571 7 £ o] o USSR 17
3.2 REQUIREMENTS ANALYSIS ..ottt 17
3.2.1 FUNCEIONAl REQUITEIMENTS ... .ottt et 18
3.2.2 Non-functional REQUITEMENTS. .........cviiieiiie et 18
3.3 SYSTEM DESIGN ..ottt ettt nne s 18
3.3.1 Conceptual Diagram Of The Designed SYStem..........cccccveiiiieiecie i 19
3.4, SYStEM COMPONENTS .....eiiiiiie et ee et e e et e e sb e e ssb e e e ssb e e e ssbeeennaeeenneees 19
3.5 SYSTEM IMPLEMENTATION ....oooiiiiiiiiieeseieee et 20
3.6 TESTING AND VALIDATION. ..ottt 20
3.6.2 INEQratioN TESTING . ..vveieie ettt e et e e e sree e 20
3.6.3 SYSLEIM TBSTING ...c.vvieiieiie ettt e e et e et e e s e et e et a e e teenrae e 20



BB A VAlIUATION .ottt et e e e et e e e e e e e e e e aeens 21

CHAPTER FOUR. ..ottt bttt bbbttt ettt b bbb nneas 22
SYSTEM ANALYSIS AND DESIGN.....cciiiiiiiiiiiiieiiesiisesee et 22
VOO [ oo [FTox o] ISP 22
4.1 REQUITEMENTS ANAIYSIS. .. .cuiiiiieieiieiteeie et s ettt et e s e ste et e sneeste e e aneesreenreenee e 22
4.1.1 FUNCtional REQUITEMENTS .......viiuieieciecieete ettt ettt e sneenee e 22
4.1.2 Non-Functional REQUITEMENTS.........cueiieiieiie ettt 22

A 1 (=1 410 1Y [ o PSS 23
o B VS (=T 1 ] 0 Tod Qo =T =V SR 23
4.3.3 Logical design Of the SYSIEM. ..o 24
4.3.4 THE DESIGNED SYSTEM.....cciiiiiiiiiiiieie sttt 26
4.3.5 SCHEMATIC DIAGRAM . .....oot ittt ettt ettt anennaens 28
CHAPTER FIVE ..ottt ettt beeteena e et e tententesneeneanaas 29
IMPLEMENTATION AND TESTING ..ottt e 29
5.0 INTRODUCTION. ... .ottt bbbt e e sbesbesbesnenneaneas 29
5.1 DEVELOPMENT PLATFORMS ..ottt enean 29
5.L.LARDUINOD. ..ottt ettt st e b e sa s e e st et enaestesneaneeneanes 29
B5.L2PROTEUS ..ottt sttt et e e se s e e st e s e aesteaneaneeneanes 29

5.2 CODE DESIGN ..ottt ettt st st e e ana e e et e snesaenteeneeneaneas 29
5.3 SYSTEM TESTING AND EVALUATION .....cocoi ittt 29
5.3.1 Automatic operation of the Water PUMP .........cooiiirieieese s 30
5.3.2 Detection and Monitoring of Water LEVEIS ... 31
5.3.2.1 Drinking Reservoir Water-1evel SENSOF..........c.coviiiiiiiiiiseee e 31
5.3.3 Movement Of The 12V DC MOTOIS ........coviiiiieesieiee e 31

(08 1 o I = ] RSSO 32
DISCUSSION AND RECOMMENDATIONS........ci ittt 32
6.0 INTRODUCTION. ... .ottt sttt beesa et e b e srestesreeneeneanean 32
6.1 SUMMARY OF WORK DONE ......coociiiiiiiitese sttt snesneanaas 32
6.2 RECOMMENDATIONS ..ottt ettt et enresneeneanean 32

Xi



6.3 CONCLUSION ..ot 33

REFERENGCES ... oottt et e b e n e nne e 34
APPENDICES ...ttt n e nnes 36
APPENDIX 1: Project COOE eSIgN......ciieiiiiiiiieie ettt 36
APPENDIX 2: Some of the Interview Questions used in Requirements Gathering................. 43
APPENDIX 3: Pictures of activities done in the due course of the project Development ....... 44

xii



CHAPTER ONE

1.1 Background

Livestock accounts for 53% of the agricultural capital stock and contribute 30% to agricultural
Gross Domestic Product(GDP) with the dairy sector second to cereal products contributing over
50% to the National GDP of the total output from the livestock subsector[1]. Smallholder dairy
production dominates the country of Uganda, with over 90% of the national herd owned by
smallholders [2]. Uganda has about 15 million cattle. Out of the 3.8 million households, about a
third (1.2 million) own cattle and are therefore potentially involved in the dairy industry [3]. It’s
for this reason therefore that farmers pride in keeping livestock due to their benefits to the
economy. Important to note is that these animals require adequate water and enough pastures in

order to yield good yields. [4].

Water constitutes 60 to 70 percent of a livestock animal’s body and greatly contributes to a various
number of functions [5]. Water is necessary for maintaining body fluids and proper ion balance;
digesting, absorbing, and metabolizing nutrients; eliminating waste material and excess heat from
the body; providing a fluid environment for the fetus; and transporting nutrients to and from body
tissues[6],[7]. Dairy cattle get the water they need by drinking and consuming feed that contains
water, as well as from metabolic water produced by the oxidation of organic nutrients [7]. Water
loss from the body occurs via urine, feces, and milk; through sweating; and by evaporation from
body surfaces and the respiratory tract. The amount of water lost from a cow’s body is influenced
by the animal’s activity, air temperature, humidity, respiratory rate, water intake, feed
consumption, milk production and other factors[8]. Milk is composed of nearly 87% water and
thus dairy cattle need plentiful water to achieve high milk production[5].

Different options for watering livestock have been available today which include; drinking water
sourced from shallow wells and valley bottoms. Other sources include rooftops, boreholes, water
pans and piped water[10]. Existing pumping systems as well include wind powered pumps, gravity
flow and solar powered livestock watering systems, mobile cattle watering systems and Automatic
livestock waterers[10]. Challenges with available options include; containing high salt levels,
saline in natural sources harmful for dairy cattle; limited drinking hygiene[9]; Majority of the

farmers involve manual labor such as fetching water from water sources to the farms involving
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