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CHAPTER ONE
INTRODUCTION
1.1.  BACKGROUND OF STUDY
There is not yet an agreement on the meaning of nature of consideration however there is an assembly of perspectives that the meaning of nature of consideration ought to incorporate consideration characteristics, for example, treatment adequacy, agreeableness, effectiveness, the propriety of wellbeing mediations just as value.
Health is a multi-dimensional build with various viewpoints just as different determinants. Among elements that could impact the health result is the sufficiency of health administrations which in numerous settings are intended to be accessible, moderate, open, and proper just as being fairly conveyed (Benson, Adetutu, Roland and Daprim, 2018). These administrations could be conveyed from multi-level framework and from secretly or freely owned health centers. For either open or private health offices, there keeps on being the worry of whether health administrations are conveyed such that ensures ideal customers and other partners' fulfillment with administrations gave. 
Health administrations are a standout amongst the most significant needs in human life. To give increasingly qualified administrations to their patients' wellbeing administrations utilize the inventive versatile patient checking framework (MPMS) answers for improve human services frameworks and to give better administration. Nowadays advancement expect a fundamental occupation to improve prosperity organizations. Right now the use of portable applications in any zone and want of individuals who need to be online each time influence and change the improvement of telemedicine advancements in wellbeing division as like in all areas. In telemedicine, advances and different zones million applications are creating in these days and are served to clients. These applications have numerous properties other than convey answers for issues that the clients looked in day by day life. Along the expansion in versatile applications make simpler patient following and increment sparing in establishments. With the versatile patient following framework in this setting it's provided that no compelling reason to go medical clinic for fundamental estimations and nonstop checking and furthermore putting away the estimations in a focal putting away framework. Additionally, it's pointed that quicken the treating to dire persistence by isolating the typical and dire estimations. In encapsulation right off the bat the information taken from the warmth, temperature, diabetes and heart cadence sensors sent to the Arduino small scale controller framework at that point sent to the cell phone which has Android working framework and upheld NFC or Bluetooth and in conclusion sent to the focal putting away framework by this cell phone. (Bulent Cobanoglu, I.F. Oguzhan Atmaca, 2018).
The nature of medicinal services administrations has been improved with the development of innovation. Quiet checking frameworks consistent mechanical advancements in human services have spared incalculable lives and improved the personal satisfaction for considerably more. Not just has innovation changed encounters for patients and their families, it has additionally hugely affected restorative procedures and the acts of social insurance experts. One of the leaps forward of innovation in social insurance is the patient medicinal services observing and the executive’s framework (Benson et al., 2018).
Monitoring and management of health services can be described as provision of health services in a way or manner that conforms to the pre-conceived wishes and expectations of patients and their family members. When pre-conceived expectations are met by the health care provider, the patients and family members see the services as acceptable. The reverse is the case if these expectations are not met and a patient or the family members term the health services as unacceptable. Such negative experiences directly affect future utilization of the health services. Other factors known to affect the monitoring and management of health services include lack of trust and respect between the care provider and the patient (user of health service), poor inter-cultural relations (World Health Organization Journal, 2018). Hence, the focus of this work is to design and implement a mobile application for the monitoring and management of diabetes.





1.2.  STATEMENT OF THE PROBLEM
Diabetes has become very common and is increasing in an uncontrolled way worldwide as ascertained by the World Health Organization who verified based on recent survey that the disease was the seventh driving reason for death in 2016 worldwide (World Health Organization, 2018).
Also prevalent is the poor health care system being delivered in most health care centers, particularly in the aspect of monitoring and managing diabetic patients in Nigeria. Hence, the main focus of this work is to design a cross platform mobile application for proper diabetic management and monitoring in Nigeria.
1.3.  AIM AND OBJECTIVE OF THE STUDY
The aim of this study is to design a health monitoring and management mobile application for diabetic patients.
The specific objectives of this study are to:
1. Design a mobile based application for diabetes management.
2. Compare the designed application with existing ones.
1.4.  SCOPE OF THE STUDY
This study focuses on the design and implementation of a cross platform mobile application named Diacare for the monitoring and management of diabetic patients in Nigeria.
1.5.  SIGNIFICANCE OF THE STUDY
Practically, this study will help developers and also medical communities by providing theoretical foundations that can help in the design and implementation of diabetes monitoring and management mobile applications.
This work will also make significant contributions in Nigeria’s health sector by making people understand and become more aware about the importance of using numerous health applications online. 

1.6. METHODOLOGY
In other to achieve the first objective, a cross-platform application for diabetes management called diacare will be designed using Ionic Cordova platform, Windows Operating System, MySQL database, Apache Server, Node.js, PHP, Bootstrap, Phone Gap, Apache ANT and jQuery.
To achieve the second objective, the developed app will be compared with two other popular diabetes monitoring and management health care apps in the google play store.

1.7 DEFINITION OF TERMS
Application: An application is any material, product or a program which is designed for end-user to use
Diabetes: A disease in which the body’s ability to produce or respond to the hormone insulin is impaired, resulting in abnormal metabolism of carbohydrates and elevated levels of glucose in the blood.
Framework: A framework is an abstraction in which software providing generic functionality can be selectively changed by additional user-written code, thus providing application-specific software.
Mobile: A portable device that can make and receive calls over a radio frequency link while the user is moving within a telephone service area.
Monitoring:  Monitoring is the systematic process of collecting, analyzing and using information to track a program’s progress toward reaching its objectives and to guide management decisions.
Management: Management is the planning, organizing, directing, conducting and supervising of any system.
Insulin: It is a hormone produced in the pancreas by the islets of Langerhans, which regulates the amount of glucose in the blood.
Mhealth: (mobile health) is a general term for the use of mobile phones and other wireless technology in medical care.
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CHAPTER TWO
LITERATURE REVIEW
2.0 INTRODUTION
This chapter discussed some frameworks currently used in diabetes management with their limitations, conceptual and theoretical review of the disease and its prevalence especially in Nigeria. The chapter also reviewed some related works that have been done and gaps identified. 
CONCEPTUAL REVIEW
Health service delivery systems that are safe, accessible, high quality, people-centered, and integrated are critical for moving towards universal health coverage. Service delivery systems are responsible for providing health services for patients, persons, families, communities and populations in general, and not only care for patients. While patient-centered care is commonly understood as focusing on the individual seeking care (the patient), people-centered care encompasses these clinical encounters and also includes attention to the health of people in their communities and their crucial role in shaping health policy and health services.
The need for improved health care service quality and increased efficiency in health care service driven by the incorporation of both product and process innovations into the health care delivery system. Awareness of the concept of quality of health services is on the increase in recent years on the part of the public and consequently on the Government, providers of health care and other emerging stakeholders.
There is an apparent need for concerted efforts to be made in the improvement of the quality of health care delivered to the Nigerian populace. The pace of development of quality health care services in Nigeria remains quite unsatisfactory, despite the investments into primary, secondary and tertiary health care, coverage for basic health care services is especially for the rural populace of the country is yet to be attained. These provide stronger imperative to validate and fast-track acceptability of national health plans and on-going health reforms.
The number of individuals with diabetes has increased from 108 million out of 1980 to 422 million of every 2014. The worldwide predominance of diabetes among grown-ups more than 18 years old has increased from 4.7% in 1980 to 8.5% in 2014. Diabetes commonness has been rising all the more quickly in center and low-pay nations. Diabetes is a noteworthy reason for visual deficiency, kidney failure, heart attacks, stroke and lower appendage removal. In 2016, an expected 1.6 million passing were legitimately brought about by diabetes. Another 2.2 million passings were inferable from high blood glucose in 2012. Practically 50% of all passing inferable from high blood glucose happen before the age of 70 years. WHO evaluates that diabetes was the seventh driving reason for death in 2016 worldwide (World Health Organization, 2018).
CROSS PLATFORM MOBILE APP FRAMEWOK
There are numerous frameworks for developing cross platform mobile applications such as Ionic, Xamarin, Appcelerator Titanium, Kendo UI, Phone Gap, Sencha touch amongst others. Highlighted are brief discussion on selected few. 
Ionic 
 
Ionic  is  built  with  Cordova,  it means, itcontains the  Cordova 
file  structure  to  package  HTML/CSS/JavaScript  into 
applications that can  run on both  mobile and desktop devices. 
It also provides  a plugin architecture that is  used in accessing 
Native features beyond what JS can achieve on a web browser. 
Ionic  utilizes  the  CSS  extensive  property called Syntactically 
Awesome  Style  Sheets  (SASS).  This  is  used  optionally  by 
developers to  define a  value once and use it in multiple places 
within  a  style  sheet  document.  This  way,  it  enables  faster 
creation  of  different  Interfaces  for  rich  mobile  interactive 
applications (Drifty.co, 2016).
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Ionic: This is developed with Cordova, which implies that it contains the Cordova file structure to package HTML/CSS/JavaScript into applications that can run on both mobile(portable) and desktop devices. It also provides a plugin architecture that is used in getting Native features beyond what JavaScript can achieve on a web browser.  Ionic makes proper utilization of the CSS extensive property called Syntactically Awesome Sheets(SASS), which is used optionally by developers to state a value once and used in more than one place within the same style sheet document. 
Mobile Angular user interface 
 
(Jscrambler,  2017),  described  a  composition  of  crucial 
components such as JavaScript, AngularJS directives, click.JS, 
overthrow.JS  and  Bootstrap3  to  provides  functions  such  as 
sidebars,  scroll  bars,  switches,  overlays,  sidebars,  absolute 
positioning  for  top  and  bottom  navbars.  These  components 
work together to achieve interactive mobile user interface (UI) 
and responsive media queries for mobile apps
Mobile Angular user interface: This is described as a composition of crucial parts such as JavaScript, AngularJS directives, click.JS, overthrow.JS and Bootstrap3 to provide functions such as sidebars, scroll bars, switches, overlays, sidebars, absolute positioning for top and bottom numbers.  These parts work together to achieve interactive mobile user interface (UI) and also responds to media queries for mobile applications.
Xamarin: This is a hybrid mobile application development framework, that finds solution to the problem programmers that are faced with when developing a cross-platform mobile application: separate coding languages and UI paradigms.  Xamarin aids developers to use C# for building IOS and android and Windows applications. It works adequately with timely and simplified process of creating forms, interface design using its XAML-based framework.  Xamarin was founded in May, (2011) by Microsoft-owned San Francisco, a California-based software company founded which has cross-platform implementations of the Common Language Infrastructure (CLI) and Common Language Specifications (often called Microsoft .NET).  Developers can use Xamarin tools to write native and android, iOS and Windows application with native user interfaces and share code across multiple platforms.
Appcelerator Titanium: This is a cross-platform mobile development tool that use open source standards. It exposes the developers to build applications that will run on tablet, PCs, smart phones and desktops. Titanium Mobile SDK comes with its own IDE. Titanium Studio is similar to Eclipse IDE used in writing and test applications with the aid of the Emulator. Appcelerator works with database, media, geo-location, contacts, notification and many other native features of a smartphone. Titanium aids web developers to create native mobile, desktop, and tablet applications using open web technologies such as JavaScript, HTML and CSS. Streaming an audio clip can take between 50-500 lines of code of Objective-C or Java, in Appcelerator Titanium a developer can simply write one line of JavaScript to point to a URL location to start clip streaming (Dinka, Emmanuel & Oyeyinka, 2017).
Intel XDK: This is a cross-platform application tool built by Intel Company. It makes use of drag and drop method for development, which includes web services and plugins for content rich, interactive applications, responsive applications run on any device. Intel SDK supports development, emulation, testing, debugging publishing. In recent times, they made some big changes by supporting all the capabilities such as developing mobile HTML5 and Apache Cordova for android, iOS, Windows 10 UAP, including software development capabilities for Node.JS-based, on-board, Internet of Things (IoT) apps too. Intel XDK allows development via a drag and drop approach and also live preview on the connected device while development on going on.





2.2 THEORETICAL REVIEW OF DIABETES
2.2.1 Origin of Diabetes
Diabetes mellitus is one of medical disorders that have been comprehensively studied. Regardless of these vast developments the cure for diabetes still remains under research. The history is backdated to the Egyptian antiquity. As the history became unraveled with regard to the pathophysiological and biochemical bases, medical and surgical treatments and other management strategies, roadmap towards achieving success in shortening the risk of diabetes is promising. It is only in the 21st century that diabetes has been considered a chronic and diverse endocrine disorder which requires interdisciplinary and multidisciplinary methods in its management, with the role of genetics looking exciting. However, there are lots of lessons to be learnt from the past. This research aims to explore the timeline of diabetes journey, and correct the irregularities in the historical angles of diabetes with intent to project the future.
Diabetes mellitus (DM) is described as a ‘silent’ epidemic. Its management can either be a slow onset and asymptomatic progression leading to ancillary complications, or fast developing symptoms leading to complications and/or coma. The projection is that by year 2030, an estimated 366-438 million (i.e., 7.8% of the world population) people will have diabetes, an increase of 54% compared to that predicted in 2010 (Wild et al. 2004; Whiting et al. 2011). After the acknowledgement of diabetes by the Egyptians, several attempts were made to understand the diverse nature of the disease, pathophysiological mechanisms, appropriate therapies and prevention strategies. As part of seeking for answers to intriguing questions in diabetes, some authors were more descriptive, analytic or pessimistic rather than scientific in their search. Progressive milestones in diabetes reflect enhancements in the understanding, monitoring and management of the condition. The overview of the history of diabetes, starting from the ancient time to the present millennium helps to showcase the advances that have been made in diabetes and health.
An attempt is made in this study to produce a chronologically organized, interesting and multi-dimensional account of diverse documented work in diabetes. An in-depth review of the historical timeline of diabetes shows that diabetes has evolved over six eras: era of recognition of disease, description of causes, clinical diagnosis, biochemical development and advancement and millennium developments. 
This origin overview will help establish a comprehensive concept on diabetes.
2.2.2 Types of Diabetes
Type 1 Diabetes
This type of diabetes is also called insulin-dependent diabetes. It used to be called juvenile-onset diabetes, because it often begins in childhood. Type 1 diabetes is an autoimmune disorder. It's caused by the body attacking its own pancreas with antibodies. The damaged pancreas does not make insulin in people with Type 1 diabetes. This type of diabetes may be caused by a genetic predisposition. This could be as a result of defective beta cells in the pancreas which normally produces insulin.  A number of medical risks are associated with type 1 diabetes. Many of them shoots from damage to the tiny blood vessels in the eyes (called diabetic retinopathy), nerves (diabetic neuropathy), and kidneys (diabetic nephropathy). Other severe factors are increased risk in heart disease and stroke. The treatment for Type 1 diabetes embroils taking insulin, which has to be injected through the skin into the fatty tissue. The methods of injecting insulin include:
· Syringes
· Insulin pens that use pre-filled cartridges and a fine needle
· Jet injectors that use high pressure air to send a spray of insulin through the skin
· Insulin pumps that dispense insulin through flexible tubing to a catheter under the skin of the abdomen
A test taken periodically called A1C blood test evaluates the glucose levels in the blood over three months. It is used to help ascertain the total glucose level control and risk of complications from diabetes, including damage in organ.  People with Type 1 diabetes are required to have significant change in lifestyle which includes:
· Regular testing of your blood sugar levels
· Careful meal planning
· Regular exercise
· Taking insulin and other medications when needed
People with Type 1 diabetes can live very long, active lives if they carefully monitor their glucose levels and make the needed lifestyle changes adhering also to the appropriate treatment plan.  
Type 2 Diabetes
Type 2 diabetes is the most common type of diabetes, which accounts for 95% of diabetes cases in the older population. Type 2 diabetes was known as adult-onset diabetes but with the wide-range of obese and overweight people, more adults are now increasing with Type 2 diabetes. Apart from being known as adult-onset diabetes Type 2 diabetes was also called non-insulin-dependent diabetes. It is usually a milder form of diabetes compared to Type 1. Notwithstanding, Type 2 diabetes can still cause major health complications, particularly in the smallest blood vessels in the body that sustains the kidneys, nerves, and eyes. Type 2 diabetes increase the risk of heart disease and stroke; the pancreas usually produces some insulin but either the amount of the insulin isn’t enough for the body’s need or the body cells are resilient to it. Primarily, in fat, liver and muscle cells insulin lacks sensitivity and resistance. High risk of developing Type 2 diabetes are particular in people who are obese – more than 20% over their ideal body weight for their height and its related medical challenges. Overweight people are resistant to insulin, resistance to insulin indicates that the pancreas have to work twice as hard to produce insulin. But nonetheless, sugar cannot be normal due to inadequate insulin. There is no cure for diabetes, regardless, Type 2 diabetes can be controlled with weight management, nutrition, and regular exercise. Unfortunately, Type 2 diabetes tends to keep growing and diabetes medications are often needed. A1C test evaluates average glucose levels in the blood over the previous three months.  A1C test will be advised to be carried out periodically in order to see how well diet, exercise and medications are working to control blood sugar and prevent damage in organ, it is done a few times   yearly.   
Gestational Diabetes
Pregnancy triggers this type of diabetes which is known as gestational diabetes (pregnancy to some extent, brings about resistance in insulin). Frequently, it is diagnosed in the middle or towards delivery, because high blood sugar level in a mother is circulated through the placenta to the baby. Control monitoring and management of gestational diabetes should be done to ensure the proper growth and development of the baby.   
According to the National Institutes of Health, the reported rate of gestational diabetes is between 2% to 10% of pregnancies. Gestational diabetes usually resolves itself after pregnancy. Mothers are at risk of developing Type 2 diabetes later in their life, because of gestational diabetes. 10% of women with gestational diabetes develop Type 2 diabetes, which can occur from a few weeks after delivery to years later. 
Risks to the unborn baby are greater than risks to the mother with gestational diabetes, the baby is at risk to abnormal weight gain before birth, breathing problems at birth, and higher obesity and diabetes risk later in life while risk to the mother includes a cesarean section after delivery due to overly large baby, as well as damage to heart, kidney, nerves, and eye. Treatment during pregnancy includes working closely with your health care team and:
· Careful meal planning to ensure adequate pregnancy nutrients without excess fat and calories
· Daily exercise
· Controlling pregnancy weight gain
· Taking diabetes insulin to control blood sugar levels if needed
Other Forms of Diabetes
A few rare kinds of diabetes can result from specific conditions. For example, diseases of the pancreas, certain surgeries and medications, or infections can cause diabetes. These types of diabetes account for only 1% to 5% of all cases of diabetes.

2.2.3 Causes/Symptoms of Diabetes
According to (World Health Organization, 2017), below are some of the leading causes of diabetes globally
Frequent Urination
· Disproportionate thirst
· Intense hunger
· Weight gain
· Unusual weight loss
· Increased fatigue
· Irritability
· Blurred vision
· Itchy skin
· Numbness or tingling especially in your feet
· Sexual dysfunction especially among adult male.
· Frequent gum disease/infection
2.4 Prevalence of Diabetes
[bookmark: ft4][bookmark: ft5]The prevalence of diabetes mellitus (DM) is increasing worldwide, and it is estimated that by the year 2030 over 500 million adults will be affected by Diabetes Mellitus. The increase could be as a result of growth, development and aging of the population. The projected increase in prevalence is expected to be higher in Africa and Asia where there is rapid epidemiological transition.  The prevalence of Diabetes Mellitus is still lower in traditional rural than urban communities. Previous studies found the prevalence of 1.6% in a suburban Northern Nigerian city (Erasmus, 2012) and found a prevalence of 1.4% in a rural population of North Central Nigeria (1.4%). Most cases of Diabetes Mellitus in rural and suburban areas remain undiagnosed, and many patients present for the first time with complications. The aim of our study was to determine the prevalence of Diabetes Mellitus and its correlates in a suburban population of Northwest Nigeria. (official publication of the Usman Danfodiyo Teaching Hospital, 2017)
2.5 EXISTING APPLICATIONS FOR THE MONITORING AND MANAGEMENT OF DIABETES.
The use of mobile application in diabetes management has proven to modestly improve glycemic control. Fortunately, most patients today have access to mobile applications that can help them manage their diabetes and still keep their sugar level under control. There exist numerous applications for diabetes control and management such as Diabetes tracker, My sugr, BG monitor amongst others (Healthcare Mobile App Development and mHealth Apps, 2017). Highlighted are discussion of a few from the more popular ones. 
i. FOODUCATE:  This application educates users on nutrition and helps to eliminate unhealthy foods. Once you scan nutrition labels, you’ll see ingredients as well as the health grade assigned to different foods. You can also log and track your food intake as well as your sleep, exercise, and mood.  It was founded in 2008 by Hemi Weringar.
ii. GLOOKO: Managing diabetes involves knowing your numbers. Glooko monitors your medications, carb intake, and more. It integrates data from most continuous glucose monitors, blood glucose meters, insulin pumps, and fitness trackers. View your progress via charts and keep track of your history. If your doctor sponsors you, or your employer or insurer covers the fee, the app can be used completely free of charge. Glooko was founded in 2011 by Yogen Dalal.
iii. HEALTH2SYNC: Document your sugar readings, weight, and other factors that affect diabetes. View vital stats about your health including current and past trends. Released in Ed Deng in 2013, This app also lets you invite friends or family members for added support and motivation and allows you to sync with Bluetooth health devices.
iv. GLUCOSIO: Glucosio is an app for people with type 1 and type 2 diabetes. It monitors important metrics such as weight, hemoglobin A1c, ketones, cholesterol, blood pressure, and more. Glucosio was founded in 2015 by a group of open source developers. The app also includes glucose target tools and an HbA1c conversion calculator. Set reminders to keep you in tune with taking medication, working out, and other important tasks. You can share data from the app anonymously if you choose.
v. MYNET DAIRY CALORIE COUNTER: Founded in 2005 but was launched in 2007. This app does all the work for you to evaluate your food diary and guide your weight management plan. Easily enter foods into the app by scanning barcodes. Get access to a large food database which can assign grades to food so you can get a quick view of how healthy or unhealthy certain choices can be.

2.6 RELATED WORKS
Jan Pavlas, Ondrej Krejcar, Petra Maresova, and Ali Selamat, (2018) proposed in their thesis that their analysis of relevant literature sources and existing solutions has revealed that the current state of mobile applications for diabetics is unsatisfactory. These limitations relate both to the content and the Graphical User Interface (GUI) of existing applications. Following the analysis of relevant studies, there are four key elements that a diabetes mobile application should contain. These elements are:
 (1) blood glucose levels monitoring
 (2) effective treatment
 (3) proper eating habits

 (4) physical activity.
 Three prototypes of new mobile applications were designed. Each of the prototypes represented one group of applications according to a set of given rules. The most optimal solution based on the users’ preferences was determined by using a questionnaire survey conducted with a sample of 30 respondents participating in a questionnaire after providing their informed consent. The age of participants was from 15 until 30 years old, where gender was split to 13 males and 17 females. As a result of their study, the specifications of the proposed application were identified, which aimed to respond to the findings discovered in the analytical part of the study, and to eliminate the limitations of the current solutions. All of the respondents expressed preference for an application that includes not only the key functions, but a number of additional functions, namely synchronization with one of the external devices for measuring blood glucose levels, while five-sixths of them found suggested additional functions as being sufficient.
      Kaspar S Schmocker, Fabian S Zwahlen, Kerstin Denecke, (2018) proposed in their thesis    to develop and implement an innovative mobile health system for the secure gathering of relevant data referring to a person’s metabolism and to digitize the diabetes diary to enable continuous monitoring for both patients and treating physicians. One specific sub goal is to enable data transmission of health parameters to secure data storage. The process of implementing the system consists of 
(1) requirements analysis with patients and physicians to identify patient needs and specify relevant functionalities
(2) design and development of the app and the data transmission
(3) usability study.
 They developed and implemented the mobile app GlucoMan to support data collection pertaining to a person’s metabolism. An automated transfer of measured values from a glucometer was implemented. Medication and nutrition data could be entered using product barcodes. Relevant background knowledge such as information on carbohydrates was collected from existing databases. The recorded data was transmitted using international interoperability standards to the MIDATA.coop storage platform. The usability study revealed some design issues that needs to be solved, but in principle, the study results show that the app is easy to use and provides useful features.























CHAPTER THREE
METHODOLOGY
3.0	Introduction 
This chapter discussed the methods that were used to achieve the stated objectives of this study. It also gave a detailed explanation on how the diabetes management application was developed from various developmental tools, architectural design, system modelling and requirements analysis.
3.1 Diacare Architecture Design and Tools
A mobile application called diacare for diabetes management was developed using Ionic framework. The framework was adopted based on its simplicity, popularity and maturity as also confirmed by Dinka, Emmanuel and Oyeyinka (2017). Ionic provides the ability for developers to develop the frontend User Interface (UI) that caters for the general representation, interactions, animations, looks and feel and beauty of the application. This framework has a low learning curve compared to others and the ability to write once and run anywhere (Huynh &Ghimire, 2017). Ionic is more of an ecosystem than a framework because it supports programmers with all the tools needed to build mobile applications. It consists of various packages for different actions as highlighted by Dinka et. al, (2017).
i. Ionic Creator is a platform used in building a user interface by dragging and dropping ready-made components. It was implemented in designing the final appearance of the application. 
ii. Ionic View makes it very easy for users to run and share developed apps to multiple devices using simple command and before they are transferred to the official market store 
iii. Ionic Market is used in sharing the mobile applications, charging a fee to download it. In addition,
iv. Ionic has credible user support along with documentation for useful information.
v. Ionic lab for testing newly developed application on and android and IOS Ionic resource provides a documentation to showcase how easily one can learn and grasp it use on mobile platforms.
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Fig: 3.1 Architecture of the proposed system adapted from (Dinka, Emmanuel and Oyeyinka (2017).)



The diagram above shows the technical components of the Ionic architecture. Since the communications between the operating system is platform dependent building process, the Cordova JavaScript API has become an important component standing between web applications the devices. It has the ability to run HTML, CSS, JavaScript as a substitute for platform specific APIs. 
Cordova is the bridge that communicates between the web app wrapper has access to both the web application platform through the JavaScript API. This is primarily h led behind the scene and Cordova ultimately generates the native app. This is necessary in order to run native functionalities such as Geo-location, Camera, storage, contact, vibration etc. (Anibal, 2017). Web Application cannot run such functionalities except with the help of Apache Cordova. One component of Cordova that is useful is the Cordova app wrapper that helps to loads the web application code. 
Angular: Angular is a very popular framework for building powerful web applications. The well application runs inside of a container known as the Web View. Angular is primarily used to manage the web application’s logic and data. Angular provide components, data binding, services, forms, directives, http, dependency injections forms.
Ionic: Ionic is built on top of Angular to provide the user interface, and is primarily used to design an interactive responsive user interface. This includes the visual elements such as tabs, buttons, this interface controls are the heart of Ionic, near-native interface inside of a hybrid app. Ionic also includes a number of additional utilities your app, this ranges from creation, previewing to deployment. The combination of these technologies makes Ionic a very feature-rich platform and stands as the foundation for building reliable mobile apps.
MySQL was used for database storage, phpMyadmin serves as the database manager, google Chrome serves the need for web browser and Apache was used as the host server.
3.2 Diacare Application Design
The iterative software engineering development approach which entails that a part of the application should be specified, implemented and reviewed to identify future needs was used to get reliable feedbacks from users and also to detect design faults early. 

3.3 Diacare Mobile App Requirements Analysis 
This phase involved getting to know and understand what users need the system to do for them and also stipulate what the system needs so as to function properly and efficiently. It involved getting to know the functional and non-functional requirements of the system.
3.3.1	Functional Requirements
This is used to describe the precise functions or actions of diacare. The functional requirements for the app are as follows:
i. The app must have a general page in which users can access to get diabetes health care health tips, health check reminders and success stories of former diacare users once they download, install it on their mobile devices and are connected to the internet.
ii. The app must have a register page where authorized users can enter their demographic data, check their body weight based on their Body Mass Index (BMI) and Basal Metabolic Rate (BMR) and Total Daily Energy Expenditure (TDEE) values by inputting their body weight (kilogram), height (meters), age (years) and gender.
iii. The app should be able to get feedback from users and automatically generate how many users access the system within a specified period of time.
iv. The app should be able to allow the administrator have unlimited access to the database, send health tips, send latest updates, upgrade the app, update exercises and other diabetes health care necessary information.
v. The app should be able to suggest adequate activity and food choices for users based on the type of diabetes, severity, age, medical history and other factors
3.3.2 Non-functional Requirements
This described the app’s behavior as it relates to its functionality. It elaborates the performance characteristics of the app. Most of the non-functional requirements of the system was integrated at each level of the software developmental process. The major non-functional requirement that this work will address is acceptability.



3.3.3	User Requirements
The need to know the user requirements is a vital and integral part of information system design which is essential to the success of any mobile app. The app was designed for users that need a mobile app which can assist them in managing and monitoring their diabetes level, motivate them to eat right and go for health check-ups. The app was designed to be unilingual, English being the language of choice. 
3.3.4	Software and Hardware requirements
A smart phone running on any operating system platform is required since the app was designed to be cross-platform. An internet connection is also necessary for the functions of the app to be utilized maximally.  
3.4 System Model
The system model was designed to show an abstract representation of how the developed system will look like after implementation. It showed the graphical representation of the functionality of the system which plays a vital role in software development. The system was modelled using the use case diagram.









Use Case Diagram for User
Register 
Download and install app
Check glucose result
Check weight result

Check value of calories burned per min/per week, check diet plan

View latest news updates, check progress reports and upgrade app

Check profile, health goals, pick an activity, feedback reports and profile updates 

View glucose result

View weight result


View calories burned per min/per week, view diet plan


Connect device to internet

Open app on mobile device
<<Extend>>
<<Extend>>
<<Extend>>
<<Extend>>
<<Extend>>



	









Figure 3.2: Use case diagram for User









Use Case diagram for Administrator

	Allow for app to be upgraded
Access database
Send diabetes health tips and user progress reports
Login
Logout
Send latest updates and reminders







Figure 3.3: Use case diagram for Administrator

3.2.4	User Authentication
Once users download and install diacare on their mobile devices, they have automatic access into the application since it is assumed that they already have some sort of security measure to check and restrict access to their smart devices.
3.5 Ethical Consideration
This research was carried out in accordance with Mountain Top University Research Ethics Committee rules and guidelines. 





Expected Results
At the end of this study, it is expected that a mobile application for the management and monitoring of diabetes among the aged would have been designed. The work also would give an approach for developing cross platform applications in order to target a wider range of platforms and audience without having to write numerous versions of codes, for cost control, quicker development time based on technologies that will be used, easier implementation and uniformity.

CHAPTER FOUR
System Implementation / Result Discussion / Data Presentation and Analysis
4.0	Introduction - A summary of what the chapter contains
4.1	Result in line with objective one
4.2	Result in line with objective two
4.3	Result in line with objective three
4.4	Discussion of Findings (This is in relation with other works)
Chapter Five: Summary, Conclusion and Recommendations 
5.0	Introduction
5.1	Summary
5.2	Conclusion
5.3	Limitation of the Study
5.4	Contribution to Knowledge
5.5	Recommendation for Further Studies
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