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ABSTRACT
Worldwide? Diabetes is. one among the major health challenges of the current century. 1n 201~:,

diabetes was, estimated to have caused more. deaths (~.O:tnimon) than the combined number Or
annual deaths from mV/AlpS.(1.2 million), tuberculosis (1.5 millionj.and malaria (O.4·miIHon).

Diabetes prevalence has.risen globally since 1980' andthis rise has been related to both population

growth and ageing populations, with the number of adults with diabetes increasing, from lOS-

million in 1980 t0422 million in 2014. Diabetes is a significant hecilth issue that is projected to

affect more people in the future; Rising numbers have put great tension on people diagnosed with

the' disease and on the healthcare. system, as diabetes .is associated with macrovascular 'and

microvascular complications such as blindness, kidney failure, heart.disease, and nerve damage.

currently man) blood glucose self-monitoring systems are privately and publicly used by people
in Uganda, The existing common method or system in Uganda for estimation of blood glucose

concentration is using glucose meter or test strips, which involves pricking the finger arid

extracting the blood along with chemical 'analysis being-done with the help of disposable test strips,

This kind of method is not. favourable for the children? theelderly and the Sickler's to use as it is
invasive,

Therefore; in this system, the non-invasive method is used that is based on.themeasure of glucose

levels using urine and breath,

vilPage

"

,.••.



TABLE' OF CONTENTS

DECLARATION· , ,., i
:A.:PPROV AL , ·.~~ ~ ; ; , ~ ~ , , , .;.; if

LIST OF ACRONYMS , ,.. 'iii

:LIST OF FIG·URES ~ ; ~ iv

LJST OF TA-BLES, , ; v

AB8TRA CT " ,.;., , ., , , ., " '.''Vi
Chapter Ont· , 1

'1. Background/ Introduction , ; ~.l
1·.2 Problem.Statement , ;.~ ~~;.•.....2.

l..j Objectives. ; ; 3

1~3..1 Main Objective ~ , , , ; 3
1.3;2 Specific. Objectives , · ;...•..3

1.4 Justification ,., , : ~ 3

1.5: Scope " , 3

1.5.1 -GeographioalScope , · :3

1.5-.2 Technical SCO.pe " · " · ; :3
Chapter two , , , _ · ~..: 4

2. Literature ".Review , , , , ~ ~.., , ,., : :4

2.1 Key Terms ..; ~ ,.;.; :.., " ..~, , 4

2.1 ..1 Urine ; : _ , , ! , 4

2. 1.2 Monitoring : , 7

2.1.3
2.1.4

2.1.5

'Sensor ! ~.. ,., " ., •••••• ; ;; , ; 7'
Arduino Microcontroller _ .i, • , 8

" . . . . ~. .

GSM Module ,. r , 8

'.

2.1.6 Battery/Power Supply " ~ , 9

2:2 The-Existing Systems (Glucose monitoring systems ) 9

2.2.1 Glucometer System ~ , < · · 9
2.2.2 Guardian Connect system , ~ 9

2.2.3 Fl'eeStyle Libre Flash Glucose Monitoring-System ,9

2;2.4 Dexcom G6 system ; .' ~ " · 10

vii IP age



2'2.5 Evers~nse® CGM 'System ..•......................... ; ,.........................................•...•..... ,.10

2.2.6 Dip Stick, (Urine Test .Strips) ..; ,.., , ,.; ; ;•.....,...19·
2.2.7 Microscopic Test system ~ , " ~ , 11

23 Existingsystems comparison table , ~..~ ~ 11

Chapter-Three ; ; ~.., , ' 14

.3, Methodology o< ,' ~•••• : ,.' · · , 14

'3~1 Data Collection' " _ '." , , , ,.14
3-.1.1 Internet , _." ; ,..,.~ , ; , , , ,., 14

3.1.2 Library , : , ~.., ; l4

J .1.3 Consultations : ; ;., , · ; · 14
3..2 .Requirements Analysis , , , , ,,:14

3:2.1 Functional Requirements , , 14·

J2.2 Non-FunctionalRequirements ,.., ; : 14
3.3: Tools for the system, ,..~ ; : , , 1.5·

3~3..1 Hardware Tools ,..;.; ,., ; 15

3.3:.2 Software Tools ;: : ,., , · ,.•; l~
3.4· System implementation , ' , " , ' 1.5

3.4.1 Hardware implementation ' , , , 15
'3.42 Software Implementation , , ,:.~.15

'3.5 'testin~ and validation ~ , 16.

3.5. t Unit testing , ~ · , 16

3.5.2 Integration testing " ; 01 •••• , , 16

'3.5.3 System testing , : ' , ;..16

3.5.4 Front-end, testing.. ~ ,..,.., ~.., ~ 16

J.5.5 Validation : , ~ , , 16
Chapter Fou.r~ , , , r .17

4 'System Analysis and Design , ~ , ; 17

4.1 Functional Analysis , '..~ ; _. ~., " »r · ', 1.7

4.2 Requirement Analysis ; ~ ,.." 17
,'42.1 Functional Requirements " : 17

4.2.2 Non-FUnctional Requirements , , ~~.~.; 17

4.3 Entity relations, , ; 17

viii I Pug e



4.4 Data flow model ~ ~ 1:8.

4.5 Physical Diagram. · , , 19

4.6 Block Diagram ~ , :., ; ,2.0
4.Q·.~ SensorNode ~ , , , !.~••••••••••• :.21

Chapter Five ~ ; ~ 24

5 Implementation and Testing ~ ,., · 24

5.1 Development Platforms , , , · ;, 24
5.1.1 Arduino ,., ; ~..; ; ,, .." ~4
.5..1:2H1ML : ~ 24

.5..1·.3CSS , · ~ , ,..., ~ , , 24
5',1.4 JavaScr.ipt. , :.. ,..~ ~ ~.." 24

5.2' Code Design ~ ~ ~ ,~ 25

5~J Testing and validation " : 25

5..3.1' Unit testing : ;.., ; ;..'.~ : ~ ;....•25

5.3~2Integration testing ~: 25

5.3.3 System testing , , ; 25

5.3~4 System evaluation · " ~,· , ~ ,..26

5.3.5'Validation , , : 26
.CHAPTER SIX ~ ! ' ·.27

6DISCtJSSrONSAND RECOMMEND.ATIONS .........•, ,' ~ ~ :27
6.1 Summary of thework , : 27

6.+ Critical analysis /appraisal of the work i : ·27

6~3.Recommendations · ~ ,., :27

Conclusion , , "., r ,.~, 28
Reference ,~ ,: ,., , ~ , , :.'..29-

Appendices ~ ~: ~:31

Circuit Diagram ~ : · , :3I
System Code · ., :.., , ; 32

ix ]P age



ChapterOne

1. nackground/ll~1rodudion

Diabetes is a disease in which the body's ability to produce or respond' to the hormone insulin is

-impaired, resulting in abnormal metabolism of carbohydrates andelevated levels of glucose in the

blood. Therefore, diabetes is a state where the human. body does not produce the amount ofinsulin

or respond to insulin as requited to regulate the. normalblood glucose level. For the majority- of

healthy individuals. normal blood sugar levels.are between 4.0 to 6.0 mmol/L (72, to lOR.mg/dL)

when fasting, and. up to 7~8mrnol/L (140 mg/dk.) 2 hours after eating. For people with diabetes,

blood .sugar levels before the meals areA to 7 mmol/L for people with type 1 or type 2 diabetes.

and after-meals are under 9· mmol/L [or people with type 1. diabetes and under 8.5tnmo1iL_fOT

people with type 2. diabetes [1]. Type 1 diabetes, once known as Juvenile diabetes or insulin-

dependent diabetes, is a chronic. condition in which thepancreas produces little ornoinsulin, and

type 2 diabetes means your body's cells are net able to respond to insulinas welJ as they 'should,

Diabetes is one among the. major health challenges of the current century. In 20.15, diabetes was

estimated to have caused more deaths (5.0 million) than the combined number of annual deaths

from liIV/AIDS· (1-.2 million); tuberculosis (L5 million), and malaria (0.4 million). Diabetes

prevalence has risen globally since 1980 and this rise has been related to both population. growth

.and ageing populations. with the number of: adults with .diabetes increasing from 108 million in

1980 to.422 million in 2014. Of this. increase, 28.5% is specifically dueto the rise in prevalence,

whilst 39.7% is due to population growth and. ageing, and 31;.8%is Que to interaction between a

rise in prevalence and population growth and ageing. The IDF diabetesatlas provides projections-

ofglobal diabetes prevalence from 2017 to 2045, suggesting that the number of people With.

diabetes globally will increase from424.9 million in 2017 to 628.6 million in 2045. Over the same'

.period {20 17:to 2045)~ global prevalence arpon~ 20- to 79-:yeat old people is.projected to increase

by J .1% from 8.8% to 9:9%~whilst total healthcareexpenditure fordiabetes (in 201TUS Dollars)

is projected to increase by $49 billion from $727 billion to $776 billion 12].

IIPag~
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According. to the IDF, an estimatedlfi.S million adults aged 20-79 ye~ were Iiving with diabetes

in the IDF Africa Region in 2017, representing a regional prevalence of 3.3%. The highest

prevalence of diabetes in the Region-is found in adults aged 55 to 64. The region-has the highest

proportion of undiagnoseddiabetes, with ov.er two-thirds .(69.2%) of adults currently living. with
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