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[bookmark: _Toc78217874]Abstract
     
     In the recent years, most of the food stores have grown substantially, being able to ensure not only a pleasant shopping experience, but also quality products that are of high standards. The food consumers represent the main concern of each food retailer. To take care of the existing consumers and to attract new potential ones, it is necessary to always offer fresh products, within a good shelf life.
     Thus, the shelf life of a food product contains the date until which it can be consumed. Each supermarket has hundreds of products, each of these products having one or more expiration dates. Maintaining an optimal control of these expiration dates is vital and neglecting them can have devastating effects on any food store.
     Scan First project has been created as an additional solution in overcoming the expired food products to be sold within the supermarkets or small stores. To prevent this aspect, a new Android application has been developed. Its purpose is to reduce the number of the expired products and to protect the customers from buying products that no longer meet the food standards. 
     Within this paper will be discussed all the key aspects of this Android application that has been chosen, implemented, and tested.
     The Mobile Application Development has become a very competitive sector nowadays.  Thus, every single process from a certain field of activity can be transformed into a dedicated mobile application to simplify the process and make it accessible for each potential user.
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[bookmark: _Toc78217879]     1.1 Project background

     Food waste is a global issue which has become increasingly an important matter, politically and socially within the recent years. Throughout the past decade, many high-level political declarations have emphasised the need of combating this problem [2].
     Food waste is generated throughout the food chain, namely in the stages of production, processing, marketing, and consumption. Food waste can be described in many ways and there is no single methodology for evaluating this aspect. However, it is generally acknowledged that around 30% of food produced for human consumption is wasted or lost worldwide [1].
     This is completely inappropriate in the face of a growing world population. A significant part of these losses is related to inefficient administration during the supply chain operations. This also includes the concept of 'shelf life', which is a general concept that refers to the number of days left for a food product to be of 'good quality' and healthy to eat [2].
     Usually, the clients choose a specific supermarket because they trust and believe that the establishment shall always fulfil their demands and expectations, both the expressed and unexpressed ones. They trust that the food products are within the validity period, quality and fresh to eat. Providing safe products is not only important for the consumers and business health, but also mandatory by law.
[bookmark: _Hlk64818450]     In the modern society, every individual is dependent on the mobile phone, respectively on mobile applications. The mobile applications provide the largest range of functionalities available to the consumers [3].
     Several mobile applications are now accessible for all these smart technologies, and new mobile 'apps' are developed frequently. The mobile devices have eclipsed the desktop computers on the existing market, and those platforms represents the support for most of the future apps that will be developed [4].
     Developers must understand the capabilities and the limits of the various technologies available in order to implement proper techniques while designing the mobile applications. This is critical for both parts, which are the users and the developers. Adopting the incorrect approach might become an expensive and time-consuming process [5].
     Most of the supermarkets are using dedicated scanners for keeping a better management upon their food products, but this option involves a considerable investment. Another option would be for the users to resort to their own device (BYOD) and use it to keep track of these food products by installing on their smartphone a dedicated application. This BYOD approach can be cost-effective not only for the big retailers, but also for the small stores as well.	
     Due to its portability and ease, any activities can be carried out with minimal effort by the user. Many mobile applications, such as ‘Food Checklist’ and ‘Nosh’, allow users to manually input and monitor food products from their inventory to help minimize food waste.
     Considering that the food industry has a variety of food products, the present project aims to develop an Android mobile application, to track and control the validity terms to prevent the food wastage.



[bookmark: _Toc78217880]     1.2 Project Objectives

· Research specialized books or articles to lay down the foundations of the knowledge that will be used to create the mobile application.
· Analyse the required tools to develop mobile applications and enhance the programming skills required.
· Investigate similar mobile applications to identify the features for the existing application.
· Adopting cross-platform mobile application development, it is possible to create applications that can operate on several platforms using a single code system.
· Develop a user-friendly mobile application using an efficient .NET framework which is involving the Xamarin features that is concentrating on C# language in order to create the code that will underpin the mobile application.
· Design a suitable database for the application, using Microsoft SQL Server Management Studio.

     The purpose of this project is to control the validity terms of the products, by creating a proper management system application, that can be used in the food industry. The focus of this project is to examine the current similar applications from the market and to implement new functionalities to increase the productivity.
     As mentioned above, this project is designed to help the small and big food retailers to combat the loss of products and, at the same time, to make the daily work of the employees much easier. Developing such an application could have economic, social, and environmental benefits.

[bookmark: _Toc78217881]Chapter 2. Literature review


[bookmark: _Toc78217882]     2.1 Problem Domain

     The food products are supplied using what is known as a supply chain. Those supply chains plan and coordinate the processes necessary to turn the raw elements into the final food products, which form the food supply chain. Supplier-purchaser relationships connect the organisations into a supply chain. However, specific product issues may arise. The source of the problem should then be identified, and the cause should be addressed as quick as possible in terms of food safety. The food companies must track and trace all the products in order to be efficient and successful in controlling them [6].
     Tracking and tracing offers to the supply chain organisations is a viable alternative for dealing with the product deficiencies. The companies that are equipped with an effective tracking and tracing system have the ability to control and remove all the items that may be potentially harmful to the customers. Those items could be tracked and traced through the supply chain, forcing the supply chains to act properly and eliminate non-compliant items that may affect the customers health [7].
     Most of the food supply chains are using special devices, such as scanners, which also use a dedicated software that controls all food within the supply chain. These devices are already used all over the UK and beyond. In addition to the fact that their price is quite high, it should be taken into consideration the fact that more money will be invested to acquire the dedicated software running for these devices. Thus, the companies will end up spending thousands of pounds on the equipment. That means a cost-effective approach could be investing only into a mobile application that can run on any available smartphone [8].
     Each retailer/supermarket should ensure quality standards for all the food products. One of the most important aspects that is considered very important, and which has high priority in the food chain, is the validity term of the product [9].
     In order to control all the validity terms as efficiently as possible, it is necessary to use a dedicated system, that offers a set of functionalities, which will facilitate and at the same time increase the employee's performance during the work process.
     To solve this existing issue, an expiry date management system has been developed. This system aims to maintain the control over the food products in a very simple and efficient way.
     Nowadays there are many types of similar applications for tracking the validity terms of the food products and each type has its own characteristic features. The current application has the function to record the details of the food items. Also, there is a high demand for this kind of system to control the food products more precisely.

[bookmark: _Toc78217883]     2.2 Similar Android applications on the market 

     In this thesis it will be presented the process of developing a mobile barcode scanning application that can be used by any food retailer. Many similar shopping applications are already competing for the customers attention on the leading smartphone application markets; iTunes App Store for iPhone, Google Play, and the original Android Market, are meant to be used internally by the retailer employees.
     Some of the applications are utilising the barcode scanning feature to identify the retail products and to allow the interaction with them. While the initial successful barcode scanning apps were mostly concerned about the price comparison, the new types of barcode scanning apps are also focused on the customers health and sustainability. The applications have started to include social capabilities, allowing users to promote items to friends and followers via prominent social networks, such as: Facebook or Twitter, but this is not the case for the actual context [10].
     As the food industry is growing and evolving so fast, the smartphone apps are being used to keep track of the food products. On the market are available already some software that are able to monitor the food products and their specifications, being used only for home purposes.
     However, on the existing market there is no application that is used for internal purposes, which means that is used inside of the food supply chain by the workers that are trained on this matter.
     Within the food industry, preparing the monthly reports and having the control of the validity terms is a difficult mission to the workers, but the invention of such an application on smartphone, is the kind of achievement that will make a real change. If a problem occurs, the system allows verification of past actions to determine the cause of the occurrence.

[bookmark: _Toc78217884]     2.3 Food Checklist - Groceries Expiration and Shopping

     This application enables you to control your personal food supply and also the expiry dates, utilising the shopping list to replace your food stock. The barcode scanner can be used to simplify the process.
     This system allows the users to sort the items into categories and provide locations for storage to keep everything in order. There is also the possibility of using the Android devices to access the list that can be shared with other people.
     Features:
      Includes two tabs, named ‘My Food’ and ‘Shopping List’.
     ‘My Food’ page contains:
· The possibility to add into the application the food products. 
· For each product the expiration date can be introduced in the system.
· The expiration date of each product can be seen on the list, as well as details regarding the expiry dates.
· Any item can be copied from "My Food" list to the "Shopping List" and a certain amount can be set in order to be purchased.

     The Shopping List page has:
· The possibility to add items from the ‘Food List’.
· Any item can be transferred from one list to another.
· When moving an item between the lists, the quantity is reduced from ‘Shopping List’ and added to the ‘My Food’ list.

     Barcodes
· The phone's camera can be used to capture the barcodes of the items.
· After the barcode was inserted into the system, the product can be just scanned to perform an action instead of inserting the details manually.
· It can be associated one barcode or more for a single food item. The ‘Catalog’ menu item can be used to edit the products.


     The Categories and Storage Places have the purpose to:
· Arrange the products into categories.
· Establish storage places to help users to find where the food is placed.
· Customize the view as a normal list with specific items.
· Use colours for the storage locations to simplify the viewing.

     Sharing and Syncing are able to:
· Share the lists with the other members.
· Add other member's e-mail address, using the "Users" menu item.
· Allow the user to access all the lists, when the application is installed, and the login is successful.
· Use the right credentials on another gadget, so all data can be synchronized automatically in real-time [11].

[bookmark: _Toc78217885]     2.4 Food Checklist and Scan First

     Firstly, as a comparison, the Food Checklist app can be used for home purpose only, when Scan First has been designed for supermarkets and other food stores. However, these two applications have few matching features that are aiming to control the traceability for the food products.
     Secondly, apart from the possibility to create a shopping list, Food Checklist app described above, has a few functionalities similar with Scan First. Within Food Checklist app, in the dedicated section for the expired products, it can be observed the products that will expire soon, and the products expired already. On this segment, Scan First is trying to avoid the expiration of the food products by applying a specific discount according to the product expiry date. 
     Lastly, the storage place feature where all the products details have been captured based on the specific categories is common for both systems. The only difference between them represents the push notifications, which are part of Scan First, and that will notify the user what product will expire soon.

[bookmark: _Toc78217886]     2.5 Nosh - Food Inventory & Expiry Date Management

     If a user wanted to check what was left in their fridge while shopping for food, with this app they could track the food inventory and expiry dates or best before dates while they also get recipes suggestions based on the items in their fridge.

     The main features of the application are as follows:
· Streamlined Solution - Nosh is the ideal solution for managing all types of food and trash. It makes stock management more transparent and precise than before.
· Smart Inventory Tracking - Keeping track of all foods in a inventory is easy using the 'Stocked' section. Any food additions or removals, expiration dates (best before), remaining stocks, and the quantity of each remaining specific food are all tracked within Nosh app.
· Suggested Recipes – The possibility of receiving a library of high-quality recipes tailored for each user, all accessible through a single touch.
·  Smart Shopping List - A personalised shopping list can be created. Using an easy-to-use marking features will make the shopping a delight. Additionally, the users can copy the stocked and the expired items to the shopping list at their convenience with a swipe gesture.

     Other Features:
· Easy product registration - To track the food products and to prevent the waste, the users can manually enter the details about the items or use the scan function.
· Easy product categorization – The users can organize their stored items into five categories: fridge, freezer, pantry, medicine, and uncategorized, to keep track of their groceries.
· Manage the stock with scan-receipt feature - Scanning the shopping receipts with a smartphone's camera to automatically input the groceries already purchased within nosh. Tracking users’ grocery bags has never been easier, as it assists users in reducing the food waste.
· Manage the stock with barcodes - Using the camera from the smartphone to easily scan the product's barcode and see its name. There is no need to manually input the food product's name, as the product's expiry date can be simply entered.
· Modern User Interface - The application comes with features such an enhanced User Interface that was meticulously designed to give a superior user experience [12].

[bookmark: _Toc78217887]     2.6 Nosh and Scan First

     As its name implies, the possibility to scan the products and to store their details within the database is one of the key features of the Scan First application. This kind of feature can be discovered within the Nosh application, being used to have a better control of stocks and expiry dates.
     As mentioned above, Scan First has been developed to be used within supermarkets and food stores. Another important feature is the discount option that can be granted to the user to the food products that will expire soon. Depending on the expiry date displayed on the food package, the discount will be given using the Discount Scheme levels. The purpose of using the discount feature is to prevent the food products to expire, which can lead to food wastage.

[bookmark: _Toc78217888]     2.7 Technologies used to develop Scan First

     Mobile applications have become essentials in everyone’s life. It has now become a challenge for the software developers to build smartphone applications that can run on a wide range of operating systems such as iOS, Android, and Windows Phone. One response to this issue is having different code bases and separate development teams on each platform on the same program, which is clearly an expensive solution [13].
     The more advantageous solution would be to use a cross-platform mobile device development tool to minimize development effort and costs, while delivering fast distribution to all application markets at once.
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     The mobile application industry has grown in the recent years, being divided into three main categories: Google Android, Apple iOS, and Microsoft Windows. To attract as many users as possible to use a mobile application, the developers are conditioned to create applications that can run on the most existing platforms on the market [14]. 
     On the market are several frameworks available, including cross-platform development framework, native application development, or mobile site using HTML5. One of them used within this project is Xamarin, a cross-platform tool for developing mobile applications which can run on any platform, such as Android, iOS, Widows Phone using the C Sharp (C#) language. This framework is described by its founders to be easy to use, fast, efficient, and reliable.
     Xamarin is a cross-platform system that includes its own Development Environment that relies on C# within the dotNET (.NET) framework, which enables native applications to be developed. Also, Xamarin applications are created by using native user interface functions. Adopting C# shared codebase, the developers can write native Android, IOS and Windows Phone by using the Xamarin tools [15].
     Xamarin provides two distinct methods for the application development: Xamarin.Android/iOS and Xamarin. Forms. The first method enables the developers to create Android layout files and iOS storyboards using Visual Studio capabilities. All native frameworks are easily accessible. While the graphical user interface is different for each platform, the business logic-based code may be used between Android and iOS apps. The second method enables the developer to create the user interface for both platforms simultaneously [16].
     This framework allows the creation of platform-specific user interfaces developed in C# that interacts with iOS and Android using the platforms' native APIs. The support for C# language is implemented during development as an abstraction layer. This is feasible due to the fact that Xamarin's bindings provide access to native APIs. Since the native APIs are accessible through C# classes, it is feasible to design applications that share a core library across platforms while maintaining platform-specific user interfaces [17].
     Microsoft Visual Studio with the Xamarin plugins or the Xamarin Studio integrated development environment are the IDEs used for Xamarin applications. Along with the requisite tools and plugins, the Xamarin website includes instructions for submitting the created apps to the Apple App Store and Google Play.
     There are several code editors on the market, such as Eclipse or Unreal Engine. The most popular one, which is used by the majority of developers, is Microsoft Visual Studio.

[bookmark: _Toc78217890]     2.9 Android Platform

     Android is a mobile operating system based on the Linux kernel that was developed initially by Google and then by the commercial group Open Handset Alliance. Android enables developers to create managed Java code that communicates with the device using Google-developed Java libraries. Although applications written in C# and other languages may be developed and executed on ARM machine, Google does not officially support this development approach [18].
[bookmark: _Hlk76315733]     Since October 21, 2008, Android is accessible as an open-source platform. Google has made the whole source code accessible for the first time, which was previously available under the Apache license. This process enables manufacturers to incorporate private expansions without making them available to the general public [19].
     In order to achieve a better performance, this platform relies on the processor capability of the mobile device. Some other examples of available platforms that are using the mobile environment are: iOS, Windows Phone, RIM Blackberry.
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     The Android operating system's architecture is categorized into five components on four levels: the Linux Kernel, the Libraries, the Android Runtime, the Application Framework, and the Applications [18].
     The official version of the Linux Kernel incorporates a number of updates and includes all the drivers for the hardware components such as the camera, keyboard, Wi-Fi, and the audio devices. Additionally, certain Android-specific features have been introduced to the Linux Kernel, including WakeLocks, low-memory killer, binder, and logger [20].
     Another component within the architecture is the Android Runtime, which consists of a collection of fundamental libraries that enable users to create mobile apps. These libraries provide access to a device's services, including the calling, messaging, and the packet management. The architecture is built on registers, each of which is equipped with a JIT compiler that enables the modification of the executable acquired on the mobile device [18].
     The third component, the Libraries layer, includes a collection of C/C++ libraries that enables direct access to the fundamental kernel functionalities. They are often used by applications within the Application Framework layer to communicate with the Linux kernel and access the data contained on the device [18].
     The next component is the Application Framework level, which exposes numerous operating system capabilities to the programmers, which can be incorporated into their applications. This component enables developers to construct complicated and unique applications by allowing them to access hardware, location information, run background services, set alarms, and add status bar alerts [18].
     The last component is the Applications Level, which includes both built-in goods like as the camera, music player, contacts manager, and video player, as well as third-party items available through the Play Store [18].

[bookmark: _Toc78217892]     2.11 The main features of the Android Operating System

· Storage - includes the utilisation of SQLite, which represents a relational database engine that maximises the resource usage.
· Connectivity - through a variety of methods, including 3G, Wi-Fi, Bluetooth, WiMAX, GPRS, and EDGE.
· Direct Wi-Fi - which enables high-bandwidth communication between several devices.
· Android Beam - which enables users to instantaneously share content by bringing the smartphones closer together.
· Web browsing - powered by the open source WebKit browser and the Chrome V8 JavaScript engine, which supports HTML5 and CSS3.
· Multimedia - supports a variety of file types, including H.263, MPEG-4, AMR-WEB, AAC, and JPEG.
· Multi-touch - which enables simultaneous interaction across many points.
· Multitasking - GCM (Google Cloud Messaging) enables developers to transfer small data without requiring a proprietary synchronisation method [21].
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     The Android SDK includes a collection of development tools, libraries, a troubleshooting system, a device emulator, code samples, and tutorials, all of which are designed to simplify the process of developing mobile applications. The enhancements to the Android SDK make it easier to create apps for earlier versions of the Android platform, allowing the creation of apps for older devices as well [13].
     Also, the Android SDK includes all the mechanisms necessary for developing and compiling an Android application. Additionally, the Android SDK includes a phone emulator, code examples, starting tutorials, and troubleshooting tools for developers. Currently supported development platforms include Linux, Mac OS X, and Windows systems [13].
     Additionally, the Android SDK enables the development of applications that run on earlier versions of the Android platform. Because the development tools are components that are always available to developers, previous versions of the programme could also be downloaded and used for testing purposes. Each version of Android has an SDK platform that can be used as the target platform for the application [13].

     Android SDK includes the following:
· Android API: The Android SDK is built on the Android API libraries, which enable developers to interact with the Android stack. These are the libraries that Google use to create native applications.
· Android SDK provides a variety of development tools that allow developers to build and debug the applications. The Android emulator is an interactive device which emulates the hardware configuration of a smartphone. The emulator allows the user to experiment with how the application will run on an Android smartphone.
· Full documentation: The SDK provides comprehensive documentation, code references, and instructions for utilising the classes, as well as explanations of fundamental Android programming concepts.
· Android Online Support: Due to the open-source platform, a vibrant developer community has grown significantly, where new ideas are constantly explored and where the members can receive all the support.

     In order to be more specific, the main technologies used to create Scan First Android application are grouped in different categories, as follows:

     Software:
· Microsoft Windows 10 Operating System - Is the operating system environment used to build this program. It is better to build smartphone applications using Windows as an OS, than Linux, since a lot of additional measures need to be taken within Linux.
· Visual Studio 2019 – Is an Integrated Development Environment (IDE), created to support complex operations, that provides all the necessary tools to develop web and mobile applications.
· SQL Server Management Studio – A software used to manage, configure, and administrate the database engines, which is used by the majority of developers around the world.
· Google Chrome – Used for performing the tests and debugging the application.

     Hardware:
· Asus ROG Strix GL753VE Gaming Laptop – This laptop comes pre-installed with Microsoft Windows 10, and its 7th-generation Intel Core i7 CPU and the powerful NVIDIA GeForce GTX 1050Ti graphics for incredibly immersive gaming. The Asus ROG Strix GL753VE is designed for gaming and is loaded with a variety of creative features to offer an outstanding experience for any type of user.
· Samsung Galaxy S10 - The Galaxy S10 is a quantum leap forward for the venerable S series. Among the key features are the huge curved-edge screen and the innovative Ultrasonic Fingerprint Scanner, which secures the device via fingerprint. With a front camera and three back cameras, one of which is ultra-wide and another ultra-zoom, it is simple to record every angle of a certain object. Additionally, it has a 3400mAh battery that can be shared with others.

     Programming languages: 
· . NET – It is a free cross-platform used to build many different types of applications, using multiple programming languages and libraries.
· C-Sharp (C#) – An object-oriented programming language developed by Microsoft and designed to build portable applications.
· Structured Query Language (SQL) – A programming language used to create Relational Database Management Systems (RDBMS).
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     iOS represents the Apple's mobile operating system that was initially named iPhone OS when it was introduced in 2007. It was then renamed in 2010 to reflect the addition of compatibility for additional Apple devices such as the iPad and Apple TV. On the mobile OS sector, some of iOS's competitors are Google's Android OS, Microsoft's Windows Phone 7, and BlackBerry OS. Several difficulties have been highlighted, including the development model and the rigorous approval procedure for launching apps on the App Store. Other developers, on the other hand, believe that a more restricted platform could give further protection.


[bookmark: _Toc78217895]     2.14 Software Development Lifecycle (SDLC)

     A software development lifecycle process represents a structure or framework that is utilised for the construction of any software product. There are several models that have been defined. Among these models are the waterfall model, the spiral model, and the prototyping model. A series of actions is used to explain each model. The development processes or activities may differ within the models, although all the models will involve planning, requirements, analysis, design, and so on. The waterfall approach places a greater emphasis on the step-by-step procedure. The spiral model focuses on risk assessment, whereas the prototyping model follows an incremental approach throughout the development process.
     A critical component of the development process includes the designing of the product to meet the needs of the user based on several standard development lifecycle models. A well-defined development process is essential. If the development is done progressively, the development lifecycle will be affected. When the customer is involved in the development process, the customer's expectations are better realised towards the completion of the process, that will result in a higher satisfaction for the customer.
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[bookmark: _Toc78023921]Figure 1 – Software Development Lifecycle Scheme [28]

[bookmark: _Toc78217896]    2.15 Software Development Lifecycle Phases


     Analysis Phase – This phase contains a categorized collection of ideas. These ideas can be proposed either by the client or by the developers involved in the project. 
     In the current context, the chosen idea involves the creation of a mobile application that has the role of preventing the expiration and, at the same time, the waste of food products, as well as of maintaining or raising the profit of the companies from the food industry.
     The mobile application Scan First will be able to scan the barcode of food products, recording the most important details such as: product name, price, the department it belongs to and finally the expiration date, as well as the quantity. In the end, these details are recorded in the database, thus making it possible to generate reports showing the period when these products will expire.
[bookmark: _Hlk78111927]     Also, the application will have a special feature called Push Notification. This feature will notify the user 4 days before reaching the consumption threshold. In this case, the discount scheme must be adopted in order to be able to eliminate the stock of expiring products. This is beneficial for both parties, both for the grocery store and for the customer, because the store will be able to sell the products and not have food waste and financial losses, and the customers can benefit from quality food at low prices [22].
     Design Phase – Based on the main idea behind the mobile application, an initial design is created. The functionality of the application is divided into smaller components, like modules and prototypes. The application's software architecture is now established. 
     For the project to be feasible, the platform on which the application will be built must be determined. In this case, the platform used is called Microsoft Visual Studio 2019 and represents an integrated development environment that uses special tools, very useful in creating large and small applications.
     It is very important to create an outline that represents the central structure of the project to have a better overview. In order to create the layout of the Scan First mobile application, each page has been drawn separately with all the related functionalities.
     Alternatively, the platform target is fixed to start the next phase, called the Development Phase [22].
     Implementation Phase – At this stage, the code will be generated by the developer. The first step is to develop the code for the core functionalities and then the coding for different structures of the project, such as User Interface functionalities, can be generated in parallel.
     Testing Phase – The testing is one of the most essentials steps from any lifecycle production model, being conducted on an emulator followed by a test on a real device. Testing on a real device should be done on different types of the operating system, multiple types of screen sizes. The test cases will be forwarded to the client for feedback.
     Within this phase there are two type of tests that will be performed. The first one is Internal Testing, known as the Unit Test and the second one is the Integration Test [22].
     Deployment Phase – At this stage, the client will offer the final feedback regarding the mobile application. Now, the application will be ready to be used within a real environment and all the final check-ups will take place accordingly [22].
     Maintenance Phase - Maintenance is the final stage of the model and this is a continuous process during the application lifecycle. Through this phase the feedback is received from the users, and the necessary improvements are made to fix the potential bugs or to perform upgrades [22].

[bookmark: _Toc78217897]    2.16 Methodology

[bookmark: _Toc78217898]     The Waterfall Model

     The Waterfall model represents the most used SDLC model, which accentuates the analogy between the stages of the software development and cascading steps down an incremental waterfall. In brief, once one phase is complete, the following phase cannot begin until the previous one is completed. 
     When it comes to teams, each member should be focused on the same stage of the development process within the waterfall alternative, which must be fulfilled before proceeding to the next stage. This process is divided into six critical stages: requirements, analysis, design, implementation, testing, and maintenance.
[bookmark: _Hlk78109375]     This type of model is dedicated for the smaller projects, and this is the main reason why it has been adopted within the Scan First project. Also, it is very easy and simple to understand the process by following the specific phases one by one until completion.
     Nowadays, waterfall methodologies are being phased out in favour of the agile methodologies. However, the logical character of the waterfall processes cannot be ignored, and it continues to be a prominent design method on the market.
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[bookmark: _Toc78023922]Figure 2 – Waterfall Methodology Scheme [29]

[bookmark: _Toc78217899]     The Advantages of the Waterfall Methodology

1. It adapts to changing in regards to the team compositions - The model enables the whole project to retain a comprehensive, resilient scope and design structure as a result of all planning and documentation phases. Therefore, it is ideal for big teams that may see people come and leave during the project's lifecycle.
2. The model encourages the organisation to be organised – When creating a waterfall model, it compels the organisation to be very disciplined regarding the design and the structure.
3. Early design modifications — The design adjustments may be very challenging, particularly as a project progresses through the development phase. Because of the waterfall model documents specifications, in collaboration with the development team, and the customers at the first phases, these adjustments are possible. 
4. Convenient for the development milestones — As stated above, the waterfall model is the best choice for the big projects, and also for the organisations or teams that operate on a milestone paradigm [23].

[bookmark: _Toc78217900]     The Disadvantages of the Waterfall Methodology

1. Constraints that are not adjustable — The most difficult element of the waterfall model is its intrinsic inability to adjust across all phases of the life cycle. The test phase, which is stage five of the process, has the potential to uncover fundamental faults in the system's architecture. 
2. Ignoring the potential feedbacks — Because this approach follows a rigorous step-by-step procedure, potential users of the system cannot provide feedback until the very final stages of the product's lifecycle. As a consequence, the late input is frequently unsatisfactory, and it is frequently too late to evaluate and implement desired improvements.
3. Testing is being postponed — While most other current techniques strive to incorporate testing as a basic and constant activity throughout the whole development process, the waterfall approach will delay the testing stage.
     Although the waterfall model includes specific software testing during the development, particularly during the implementation phase, the testing is sometimes insufficient for the entire lifecycle [23].

[bookmark: _Toc78217901]     2.17 Model View ViewModel (MVVM)

     MVVM was created by Microsoft, and it is designed for XAML systems. However, it represents a new concept for the Android platform. This design style is used to isolate the View's state and behaviour, allowing the user interface to be developed independently of the model. The ViewModel can be seen as a mediator to expose the Model's data and to manage the application's logic, while presenting the View.
     The Scan First architecture has been developed based on the MVVM model. One of the reasons of choosing this type of architecture is because implies: 
· writing clean code that could be much readable and easy to understand by other developers who might work on the same project.
· the possibility to test the code in detail. 
· developing the features faster, increasing the speed of the development process.
     The MVVM is based on three fundamental components, which are: the Model, The View and the ViewModel.  The Model includes the data providers and the logic for obtaining and updating data from a variety of sources, including the REST API, SQLite database, shared preferences, and Firebase.
     The View represents the graphical side of the application and is responsible for initiating actions and managing menus, permissions, event listeners, and dialogues, among other things. Using the data binding architecture, the View binds to the observable variables presented by the Viewmodel.
     The key difference is the ViewModel being used as a third party between the Model and the View. The ViewModel offers a series of features when it comes to testing and creating applications. It establishes a one-way communication channel with the View by linking itself to the View.  It is not associated with the view itself, but rather serves as a model for a view. Also, the ViewModel encapsulates the model and populates it with the observable data required by the View. The View Model is supplied with data by the Model.
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[bookmark: _Toc78023923]Figure 3 – Model View ViewModel Scheme [30]
     The ViewModel is responsible for the following tasks: reveals the date, offers visibility, validation, performs calls within the Model and performs methods within the View. 
     The MVVM pattern has been widely used in WPF, Silverlight, and JS contexts. However, it has only just begun in Android, and Google has promoted the usage of the MVVM design with the release of the databinding library [24]















[bookmark: _Toc78217902]Chapter 3. Analysis

     The idea of using a mobile application to store the validity terms for the food items has been used in the past. On both Android and iOS platform, an application has already been developed that allows the manual input of the product names and the expiration dates. While these systems are saving the information within a database and incorporate changes, manually entering all the facts takes a longer time and may be time consuming for the active workers [10].
     The concept is very simple to understand, and it will be explained as follows; every supermarket has a variety range of food products. Each food product has an expiry date or more, depending on the case. Every single expiry date will be introduced into the system for each food product from each food section by the workers. The scanning feature will be implemented into the application to facilitate the process. Finally, each barcode will be scanned and stored into the database.
     Depending on the situation, the discount will be applied to the specific product, in order to help the company not lose profit and to offer products at the best quality level. 
     The following discount scheme will be applied on the last 4 days before the expiry date of the food item.

[bookmark: _Toc78217903]     3.1 Discount scheme

· 1st day of discount - 30% discount will be applied.
· 2nd day of discount - 50% discount will be applied.
· 3rd day of discount - 70% discount will be applied.
· 4th day of discount - 90% discount will be applied.

     In this context, the discount scheme includes four days of price reductions. During this time, the discounts will be granted gradually in order to eliminate the stock of products that are very close to the expiration limit.
     When the worker discovers the location and identifies the product, the application will ask him to enter the number of pieces that were found on the shelf and that have the same expiry date. After completing this task, the application will ask the worker to enter for the same product, the other validity terms available in that location. 

[bookmark: _Toc78217904]     3.2 Login access levels

     The login system consists of two types of users, as follows:
· The Administrator – Has the full control of the Scan First system. This user could be the managing director of the supermarket, or a supervisor.
· The Normal User – Has the access to the basic features. This user could be the normal employee.
     When a user account is created within the application, the system will generate a user ID and a password. In this case, only the Admin user is capable to add any new users.
     


[bookmark: _Toc78217905]     3.3 Functional Requirements

     In this section will be presented all the functionalities available for all types of users, such as: the admin user and the normal user. 
     An administrator has full autonomy and control over all available functions in the application. An account with administrator rights can do anything, from granting the discounts for certain products, to controlling the normal users.
     The normal user will be able to do the daily tasks using the application, such as: scanning or adding the expiry dates for the products, search for other items, view the previous items which were scanned previously, etc.

[bookmark: _Toc78217906]     Admin user – Functionalities

1) Login or authentication system which is using the specific credentials, such as: Username and Password.
2) The possibility to recover the password using the ‘Forgotten password?’ feature, which will send an email to the user’s email address with a link that can be accessed to generate another new password.
3) The registration of new users to the system, by creating new profiles for the future employees.
4) The scanning of the food products is the main feature around which the application was developed. It allows users to scan the barcode of the products, and then to enter the other important details about the food product, for example: the expiration date, the quantity, as well as the food department or the price.
5) The discount scheme is another important element that can be applied when the food products are getting close to the expiration date.
6) Adding products represents another useful feature that has the same capabilities as the previous feature. This element was added as a backup in case the barcode might not be readable for certain food products. 
7) The feature of removing products gives the possibility to the user to remove the food products from the system.
8) The search feature was developed for checking the food products details that have been captured before by scanning the items.
9) The Food Departments has the role of categorizing the products accordingly, depending on their type.

[bookmark: _Toc78217907]     Normal user – Functionalities

1) Login or authentication system which is using the specific credentials, such as: Username and Password.
2) [bookmark: _Hlk74394152]The possibility to recover the password using the ‘Forgotten password?’ feature, which will send an email to the user’s email address with a link that can be accessed to generate another new password.
3) The scanning of the food products is the main feature around which the application was developed.
4) Adding products represents another useful feature that has the same capabilities as the previous feature. This element was added as a backup in case the barcode might not be readable for certain products. 
5) Remove products feature gives the possibility to the user to remove the food products from the system.
6) The Search feature was developed for checking for the food products details that have been captured before by scanning the items.
7) The Food Departments has the role of categorizing the food products accordingly, depending on their type.

[bookmark: _Toc78217908]     Non-functional Requirements

     This section will describe all the requirements based on how easy to use is the Android mobile application, known as Scan First.

     Several examples of non-functional requirements include the following:
· Scalability – Consists in the growth of the network bandwidth usage, which leads to increased response times and load on the client and server systems. There are two ways to increase scalability: vertical scaling and horizontal scaling.
· Reliability – It is a term that refers to the system's capacity to remain operational over time. It is quantified as the chance that a system will execute its intended tasks for a particular time frame.
· Performance - A measure of a system's ability to execute certain activities within a certain time period. However, it must take into the account the elements that have a considerable impact on the system performance. These can be any demand for certain activities and the system's response for those requests, particularly in regards to the communication channels between the client-side application and the web server. The performance optimization requires transferring critical data processing tasks to the web server.
· Security – Represents the system's capacity to minimise the risk of malicious or accidental activities outside of its intended use that will have a big impact on the system, as well as to avoid the unauthorized access or the data loss.
· Manageability – This term refers to the simplicity with which system administrators can manage an application, typically through the availability of adequate and relevant instrumentation, such as: documentation and error logging, introduced for use within the monitoring systems, as well as the debugging and the performance optimization.
· Maintainability - It refers to the system's ability to perform regular maintenance with a relative simplicity. These modifications may have an effect on the components, features, and interfaces when the functionalities of the application are added or changed to correct the mistakes or to satisfy the new business objectives.


[bookmark: _Toc78217909]     3.4 System requirements

[bookmark: _Toc78217910]     Hardware Requirements - Android Platform

     Most of the mobile devices are using Android OS version 10 or 11. The remaining are dispersed between older Android platform versions. It is also important to keep in mind the API level of various OS versions. When designing an application, the minimum API level required to operate the application will define the number of phones on which it may run. For example, if an application requires API level 30, it will be unable to install and execute on most Android-enabled devices.
     Thus, over time, Android has moved the majority of mobile devices from a situation where the devices had an API level of 29 or below to a condition where they had an API level of 30. Additionally, Google notes that there are smartphones running other versions of Android, but they are not shown since they account for less than 0.1 percent of all devices. While the Android platform have become less fragmented in some ways, since fewer API levels are now used by the most devices, there is a greater scattering of devices on each API level, with 40% of devices utilising an API level of 29 or less.
     In the actual context, Scan First is using version 11 of the Android platform, with an API level of 30, which represents the ultimate version available at the moment, until version 12 will be ready to be launched further in 2021.

[bookmark: _Toc78217911]     iOS Platform

    Apple provides to the iOS developers a choice of four distinct Developer Programs. The programmes are priced differently and offer different benefits. Apple Developer is known as the base programme. To become a part of any iOS programme, the developers must first register as an Apple Developer. [25].
     The iOS SDK includes all the essential tools for designing, developing, debugging, and optimising iOS apps. The list contains both native and web apps, but excludes other forms of code such as drivers, frameworks, and dynamic libraries.
     The iOS SDK contains the frameworks, the shared libraries, Xcode Tools, the simulator, and developer library. Xcode is the primary programme used for application development; it is used to manage application projects, edit, compile, execute, and debug. The Interface Builder is used to create the user interface, while Instruments are used for runtime analysis and debugging [25].

     The Base SDK specifies which headers and libraries are utilised during compilation, whereas the iOS Deployment Target specifies the minimal iOS version on which the programme will run. By configuring these two parameters, the danger of implementing code that is not supported on an iOS device running an earlier version of iOS is minimised.
     Generally, but not always, the iOS SDK is included with the Xcode bundle. This may be verified by accessing the custom install panel of the selected installer. At the moment, the most recent free version of Xcode is version 14, which is accessible for the registered Apple Developers.

[bookmark: _Toc78217912]     Microsoft Visual Studio

     Microsoft Visual Studio is a graphical Integrated Development Environment (IDE) created by Microsoft. It is a complex tool that can be used to create computer programmes, websites, and other forms of applications that need any form of coding.
     Microsoft Visual Studio sustains a range of programming languages, including C#, Visual Basic, C++, HTML, and JavaScript. Microsoft Visual Studio is mostly used for developing code, although it may also be used for debugging and code analysis.
     The coding process using the Microsoft Visual Studio is simplified by the integration of tools such as IntelliSense adaptive code completion, which seeks to accelerate the coding process by decreasing the syntax mistakes. Microsoft Visual Studio has an integrated compiler, which enables developers to create and compile source code prior to deploying it for usage within the applications [26].

[bookmark: _Toc78217913]     Android Emulator

     An Android emulator is a graphical representation of an Android smartphone that runs on a computer. The Android emulator replicates all the software and the hardware capabilities of a normal mobile gadget, excepting the ability to perform phone calls. Without utilising a real device, the emulator enables an application developer to test the Android application on various API levels.
     A Virtual Device for Android is a device configuration that runs inside the Android emulator. It works in conjunction with the emulator to provide a simulated specific environment in which the Android apps may be installed and launched. The AVD Manager offers a graphical user interface, through which the developer can replicate various Android device configurations that the Android emulator requires [27].

[bookmark: _Toc78217914]     3.5 Risk Analysis

     This section presents the risks that can have a direct and practical influence on the project's scope, money, and duration, resulting in a modification from the original agreement of the plan. Those incidents could be diverse as they are unpredictable. There are two categories of risks that could happen during the development process: the pre-implementation risks and the post-implementation risks.


	Risks
	Risk
Level
	Risk Probability
	Consequences
	Mitigation

	System failure
	High 
	Low probability
	All the stored data could be lost.
	Regular back-ups should be done frequently.

	Time management
	High
	Low probability
	Improper time management could lead to delays in completing the project tasks.
	Time planning must be effective to achieve the ultimate goal.

	Lack of skills required
	Medium
	High
probability
	Developing errors could happen.
	Each developer should grow their own skills on long term.

	Personal circumstances
	Low
	Medium probability
	Uncertain situations or health problems might occur.
	Those potential problems cannot be predicted.



[bookmark: _Toc78023924]Figure 4 – Pre-implementation Risks

     The pre-implementation risks could appear when starting this kind of project. As stated in the table, there are few risks to consider.
     Some post-implementation risks may occur when using the Scan First mobile application, and they could be as follows:
1) The risk of forgetting the password for the user account.
2) The risk that users do not know how to use the application.
3) The risk of losing the internet signal while using the mobile application.
4) The risk of not being able to scan a product, or several types of products, to be registered in the system.
5) The risk of not being able to make updates or check the details of the employee profiles as an Admin user.
6) The risk of losing all the reports based on the previous scanning or adding a product to the system.
7) The risk of introducing wrong details about the food products in the system.
8) The risk that the mobile application will not be able to connect to the database that contains all the vital information for carrying out the daily tasks.
9) The risk that employees are offering a high discount from the beginning, when the food products have a few days left until will expire.
10) The risk that the current functionalities of the application might not be implemented correctly from the beginning, thus causing to slow the running process of the application.

     For all these potential risks listed have been found viable solutions, which will be stated in the same order matching the risks from above. Based on these, the solutions are:
1) The possibility to recover the password using the ‘Forgotten password?’ feature.
2) The mobile application has a very friendly design that makes the application very easy to understand for everyone. Also, a basic training will be offered by the dedicated trainers for each new employee.
3) Depending on the internet provider services and also on the signal coverage, the lost signal might happen. However, the mobile application will notify the user when the signal will be available again.
4) In case the barcode is not readable for a certain food product, the user has the possibility to use the ‘Add Product’ feature.
5) This kind of problem might be affected by the written code. The developer must check again the code in order to solve the issue.
6) The regular backups and using a reliable system to hold and control the data represent the solutions for preventing the occurrence of such events.
7) The human error might appear at some point which is normal. To prevent this, all the details that have been entered wrong within the system can be deleted and the employee can add another entry for the product using the right details.
8) This issue may occur if software updates have not been made or if there is no internet connection.
9) To prevent offering high discounts to the products, a detailed control of all the discounts made will be required.
10) Creating an application is very challenging for the entry level developers. Sometimes the implementations might not be right, that means an extra support may be needed to achieve the good results. 












[bookmark: _Toc78217915]Chapter 4. Design

     To guarantee that the application is simply accessible and understandable by the potential users, it should be easy to use without any significant explanation or training. This section of the report will explain why the system was developed using certain functions, and why the controls and settings are configured and developed the way they are.
     The application's design will strive for simplicity in order to make it as easy as possible to use, and as feasible for the future employees. Essentially, the application is divided into two sections, which are known as the Frontend and the Backend.
     The Frontend represents the visual aspects that can be experienced and seen by the users. The Backend represents every single process that is taking place in the background and cannot be seen by the users.

[bookmark: _Toc78217916]     4.1 Application Interface

     In this section will be presented the most utilized pages and the design that has been chosen and implemented for the Android mobile application, known as Scan First.

[bookmark: _Toc78217917]    The Login Page

     The landing page is the first page that the user will interact with when starting the application. The Login page contains the logo, the textboxes for the username and for the password, as well as the login button. The password will not be displayed as plain text and each character from it will appear as ‘●’.
     The Login page is the place where the user can enter their own credentials in order to access their profile. In case the user forgot the password, as it can be observed in the print screen below, the ‘Forgot Password’ option is available to obtain a new password.
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[bookmark: _Toc78023925]                        Figure 5 - The Landing Page                                                                  Figure 6 - The Login Page


[bookmark: _Toc78217918]    The Home Page

     This page represents the most utilized screen, being the main page where the user can choose what action to perform within the mobile application.
     As it can be noticed from the below print screen, the design is minimalist and easy to understand. There are two main buttons placed in the center of the page: the Scan button and the Food Departments button. The Menu button is located on the upper side in the left corner. The application logo is placed at the top right of the screen. The functionality bar that contains the four buttons whose functions are very well-defined is placed at the bottom of the screen.
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[bookmark: _Toc78023926]
                                                                                        Figure 7 – The Home Page
[bookmark: _Toc78217919]    The Menu Page

     Accessing the Home page, adding a new user, adding a product, or simply logging out from the system can be made accessing the Menu by pressing the button placed on the top left side of the screen. 
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[bookmark: _Toc78023927]

                            Figure 8 - The Menu Button                                              Figure 9 - The Menu Page

[bookmark: _Toc78217920]    4.2 Database Design
[image: Diagram
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[bookmark: _Toc78023928]Figure 10 – Database Design Scheme

     The database contains 5 tables, such as: Products, Users, Departments, Admin_Products and Discounts. Each table has a primary key, known as ID and auto-increments with every new insert. 
     Between Products table and Users table is taking place a many-to-many relationship. It is not feasible to explicitly express a many-to-many relationship in a relation scheme, since two tables cannot be children of one another – there are no assignable parent/child roles when both cardinalities are many. Thus, for each many-to-many relationship, will be required an additional table in the database, referred to as a junction table, to hold all the relationship instances.
     The database scheme diagram also includes the relational strategy for such junction tables. A junction table's scheme (sometimes referred to as a link table) will have two distinct sets of Foreign Keys characteristics, one for each side of the relationship. If no association class exists, the scheme comprises simply these two Foreign Keys. If an association class exists (as is the case with Admin Products in this example), its attributes will be included in the junction table.














[bookmark: _Toc78217921]Chapter 5. Implementation


     As it was stated above, the Android mobile application contains two important sections: the Frontend and the Backend. The Frontend side represents the application that is running on an Android smartphone with all the features that can be used by the user. Also, the Backend side represents the API (Application Programming Interface).
     For a better understanding, the API is a collection of procedures, protocols, and tools that facilitate the development of software applications. The API defines how software elements should communicate between them, and they are utilised for developing the Graphical User Interface (GUI) components.
     The system's implementation will be discussed in detail here, including how the application is created and the logical explanations about how the features work. 
     Before describing the application implementation, the development environment must be configured accordingly. The first step is to configure the development environment, which includes the installation of all necessary tools. The Android SDK, Android Development Tools, and Android Platforms are all included in this set of tools.
     The following step would be to create an Android Virtual Device (AVD) using an Android Emulator, which would enable the PC to simulate an Android application. Additionally, after the programme has been built, it is necessary to configure an actual hardware device to execute it. This may be accomplished using the tools included in the SDK package.
    The following step would be to create the Android project that serve as containers for the code and resource files. Due to restrictions imposed by the SDK tools, a certain structure must be followed. Additionally, there are several additional sorts of projects that help the Android development process, such as the Test projects and the Library projects.
     The Code First technique adopted within this project implies the conceptual model from the classes and the mapping provided by the developer's code, as well as the Entity Framework standards, rather than being produced automatically from the Entity Data Model. Similar with Model First, this technique may be used to create a new database or to operate with an existing one. When creating a new database from the beginning, the Entity Framework helps the Code First Migrations to allow the database to develop as it is coded.
     When developers' databases continue to evolve, they will need to modify the conceptual scheme, which will affect the database structure. To do this, Code First Migrations are required. When the migrations are enabled, it will be created a new folder within the Visual Studio project named Migrations. This folder will include a configuration file, an initial migration database, and any sequential migrations that are generated. Adding a Migration generates the code necessary to perform the database modifications and saves it to the Migrations folder in the location specified by the user. Then, using the Update-Database command, the Migration changes are committed to the database.
     The Controllers represents the Backend primary component. Its own featured methods are being capable of responding to the different REST requests, such as GET, POST, PATCH, and DELETE.
     Further, it will be presented the available functionalities that underlie the Android mobile application, Scan First. The application's implementation will be discussed in detail, including how the application was built. Additionally, an explanation of the third-party library functions utilised will be included.

[bookmark: _Toc78217922]     5.1 The Scan Page 

     This feature allows users to scan UPC (Universal Product Code) of a food product. This UPC will be sent to the backend by a request, which checks if the barcode already exists. If this UPC exists in the database, the update product page will open automatically. If it does not exist in the database, the mobile application will ask the user to register the product in the system.
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[bookmark: _Toc78023929]Figure 11 – Scanning a New Product



[bookmark: _Toc78217923]     5.2 The Food Departments page

     Within a supermarket there are different types of food products. These types of food products belong to a certain department. The food department’s purpose is to categorize the different types of products. 
     When the user opens the Food Departments page, a request will be sent to the API. The API will return all the available departments that have been already registered into the system. In case the user wants to add a new department, another request will be made again for the new department to the API, and then that department will be saved within the ‘Departments’ table from the database.
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[bookmark: _Toc78023930]           Figure 12 - The Food Departments Page                                                  Figure 13 - Add Food Department Page


[bookmark: _Toc78217924]     5.3 The Add Product page 

     Within this page, the user can add a product by completing the mandatory fields about the main characteristics of a certain food product.
     When adding a new product to the system, a request will be sent to the API. The API will return all the available products that have been already registered into the system. Then the new food product will be saved within the ‘Products’ table from the database.
     To finalize the process, the user should press the ‘Add’ button to save the details.
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[bookmark: _Toc78023931]Figure 14 – The Add Product Page



[bookmark: _Toc78217925]     5.4 The Add New Employees page

     In case of new employees, the admin user can create a profile for the new users using this feature.
     When adding a new employee to the system, a request will be sent to the API. The API will return all the available employees that have been already registered into the system. Then the new employee will be saved within the ‘Users’ table from the database.
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[bookmark: _Toc78023932]                       Figure 15 – The Existing Employees                                             Figure 16 – Add New Employees Page




[bookmark: _Toc78217926]     5.5 The Discount Page

     The most important aspect using this system is to eliminate the risk of losing the food products. To achieve this, the discount option has been implemented to the system in order to sell the food products that will expire soon at lower prices, according to the discount scheme. 
     In the image below, can be seen the availability of four discount stages that could be applied for each food product depending on their expiry date. For example, if a food product is to expire the next day, then the highest discount option will be used, so that the product is consumed in optimal conditions by customers and at the same time at the lowest price.
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[bookmark: _Toc78023933]Figure 17 – The Discount Page


[bookmark: _Hlk76835744][bookmark: _Toc78217927]     5.6 The Search Page

     Within this page the user can search for certain food products that have been introduced previously, in order to be discounted before the expiry date.
     When the product name is entered in the Search bar, a request will be made to the database where it will be checked if it is already registered in the system, if it has been previously deleted from the system, or if this product belongs to the user who requested the search.
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[bookmark: _Toc78023934]                      Figure 18 – The Search Page                                                            Figure 19 – Searching a Food Product



[bookmark: _Toc78217928]Chapter 6. Testing

     This chapter is dedicated to testing all the features available from the Scan First application. All the possible test cases that may occur during the use of the application by users will be presented further.

[bookmark: _Toc78217929]     Test Case 1 - The Login system

In case the user will enter the wrong credentials, an error will appear with a message, such as: ‘Username or password is not correct.’.
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[bookmark: _Toc78023935]                         Figure 20 – Login Input                                                                                   Figure 21 - Login Output

     By inserting the correct credentials, the user will be redirected to the Home Page.
[bookmark: _Toc78217930]     Test Case 2 - The Add Product feature

     This page contains six textboxes that should be filled by the user to capture a new product into the system. The user should provide the correct details for the food products, such as: the product name, the barcode, the price, the food department, the expiry date, and the quantity.
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[bookmark: _Toc78023936]                     Figure 22 – Missing Name Input                                            Figure 23 – Missing Name Output

     As it can be noticed from the above print screens, the food product name was missing. In this case a message has been displayed to inform the user to provide the detail.


[bookmark: _Toc78217931]     Test Case 3 – The Add New Employees feature

     As it can be seen below, the user has provided an incorrect email. In this case, when the user pressed the ‘Update’ button, a message appeared to notify the user about the mistake.
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[bookmark: _Toc78023937]                  Figure 24 – Wrong Email Input                                                   Figure 25 – Wrong Email Output






[bookmark: _Toc78217932]     Test Case 4 – The Scanning feature

     In this context, a product will be scanned in order to be registered in the system. As it can be observed from the images below, after scanning the product, a notification message appeared on the screen to highlight that the product has not been previously registered within the mobile application.
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[bookmark: _Toc78023938]   Figure 26 – Scan a New Product                                                                                    Figure 27 – New Product Captured





[bookmark: _Toc78217933]     Test Case 5 – The Search feature

     The users can use this feature to search for a certain food product by typing its name. As it can be observed below, the user was searching for the ‘Tomatoes’ item. 
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[bookmark: _Toc78023939]                        Figure 28 – The Searching Page                                                           Figure 29 – Searching for a Product






[bookmark: _Toc78217934]     Test Case 6 – The Discount Products feature

     As it can be noticed in the below print screens, the user can use this feature to offer discounts to the products before the expiry date.
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[bookmark: _Toc78023940]        Figure 30 - Searching the Item                                                                             Figure 31 – Applying the Discount










[bookmark: _Toc78217935]     Test Case 7 – Adding New Food Departments

     Adding the food departments within the system is essential. As attached below, the user was adding a new food department, ‘Cereals’.

[image: Graphical user interface, application

Description automatically generated][image: Graphical user interface, application

Description automatically generated][image: A picture containing shape

Description automatically generated]







[bookmark: _Toc78023941]            Figure 32 – The Food Departments                                                     Figure 33 – Adding a New Food Department











[bookmark: _Toc78217936]Chapter 7. Evaluation

[bookmark: _Toc78217937]     7.1 The system evaluation and the time management

     From what has been achieved, it can be concluded that the results obtained are satisfactory. It was a successful challenge despite my limited knowledge regarding the C# programming and the SQL databases.
     Before constructing Scan First application, I have conducted a research about the technologies that would be required to complete this project. After deciding on which platform, I will develop the system, I have started learning all the skills necessary, as I have intended to make this application compatible with the Android platform.
     Overall, I have gained a lot more knowledge while completing my thesis. Previous to my study, I was unfamiliar with the programming languages utilised with the Android SDK or the iOS SDK. Additionally, I was inexperienced with building mobile applications due to my lack of exposure to the Android ecosystem.
     Due to the well-documented nature of both development platforms, it was not difficult to access information. In fact, the amount of information was sufficient, due to the number of duplicates within the documents founded. Additionally, I learned how to develop critical thinking skills and how to filter the irrelevant materials in order to follow the main scope. 
     At the completion of the project, I understood that I had gained valuable knowledge not just about mobile programming, but also about system-specific issues. I had learned a multitude of basic information about everything associated with the research, from SDK usage, to building and delivering the entire mobile application.
     Following the resources offered by the university, plus several other online courses available about C# and programming SQL databases, my skills have developed significantly. Whenever I have encountered certain problems or errors, the possibility to find all the necessary answers or solutions were available on dedicated websites.
     I should be noted that in the future it would be necessary to implement new functionalities, that would offer a much more satisfying user experience. Also, a more detailed testing of the application should be considered.

[bookmark: _Toc78217938]     7.2 Future enhancements

     The Scan First application could be upgraded with several features that may be helpful in the future for the existing and the future users.
     Some features that can improve the quality of the service offered by the Scan First Android application are:
· Easy Login System - In the future, work badges that contain a unique barcode for each employee could be created. This barcode will be able to be scanned with the help of the smartphone camera and thus login will take place. If the user forgets their badge at home, they can log in using their own credentials, the username, and the password.
· Push Notifications - This feature displays a notification about a specific food product that has already been registered in the system.
· Generating and downloading the Reports - At the end of each day, after the food products have been registered in the application, the user can generate and download a list containing all the details about these products.
· Availability on the iOS platform - Due to the time constraints, it was not possible to develop the code for the iOS platform. But in the future the application could be made available on the market for the iOS users.
· Better security - At the moment the only security method within the application is the login system, by using the username and password. Other safer and more efficient methods could be added in the future.














[bookmark: _Toc78217939]Conclusions

     The vast quantity of information, the tools, the code examples, and the big number of experienced developers ready to assist the others when a problem arises are only a few of the major benefits of utilising the Android platform.
     The development of new mobile applications does not require the purchasing of a costly license. The development environment is accessible, being free and available to anyone who wants to explore this sector.
     Also, it should be noted that, during the development process, some constraints have been discovered. One of the problems is when a food product is scanned, the product name will not be displayed, and the user should insert the name using the keyboard. However, the scanning system that has been implemented is running at optimal standards. Another shortcoming of the application is related to the reports section. Within this feature the system should create a list based on the products captured at the end of the day in the system.
     The personal contribution consists in creating an application on the Android platform that allows the use of the offered functionalities that can run on any Android smartphone. It involves creating a graphical interface, the food scanning system, creating a version compatible with the Android platform to the server connection protocol, and creating a database for managing the registered food products.
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using GalaSoft.MvvmLight.Command;
using ScanFirst.Models;

using System;

using System.Collections.Generic;
using System.Collections.ObjectModel;
using System.Ling;

using System.Text;

using Xamarin.Forms;

namespace ScanFirst.ViewModels

3 references
public class AddProductPageViewModel : BaseViewModel

5 references
public List<FoodDeparmentModel> FoodDepartmentlist { get; set; } = new List<FoodDeparmentModel>();
private bool _isUpdating;

2references

public bool IsUpdating

return _isUpdating;

_isUpdating = value;
RaisePropertyChanged();

private FoodDeparmentiodel _selectedfoodepartment = new FoodDeparmentModel();
4 references

public FoodDeparmentModel SelectedFoodDepartment

return _selectedfoodepartment ;

_selectedfoodepartment = value;
RaisePropertyChanged();
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_productslist = value;
RaisePropertyChanged();

85

86 private ProductModel _productModel = new ProductModel();

9 references

87 public ProductModel ProductModel
88
89
9
91
92
93
94
95
96
97
98
99

{
| return _productModel;
¥

set
{

_productModel = value;
RaisePropertyChanged() ;

private DateTime _expiryDate;
3 references

100 public DateTime ExpiryDate
101
102
103
104
105
106
107
108
109
110
111
112

_expiryDate = value;
RaisePropertyChanged();

O references
public RelayCommand<object> DateCommand => new RelayCommand<object>(ExecuteDateCommand);
1 reference

public void ExecuteDateCommand(object obj)

{

113

114
115
116
117

if (obj is DatePicker datePicker)
{





image41.png
118
119
120
121

datePicker.Focus();

O references
public RelayCommand FoodDepartmentCommand => new RelayCommand(ExecuteFoodDepartmentCommand);
1 reference

public async void ExecuteFoodDepartmentCommand ()

{
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138
139
140
141
142
143
144

var list = FoodDepartmentList.Select(s => s.DepartmentName).Tolist();
var result = await SelectActionAsync("Food Departments”, list);

if (result >= @)

{
¥

SelectedFoodDepartment = FoodDepartmentList[result];

catch (Exception ex)
{

Oreferences
public RelayCommand SaveCommand => new RelayCommand(ExecuteSaveCommand);
1reference

public async void ExecuteSaveCommand()

{

145

146
147
148
149
150
151
152
153
154
155
156

ProductModel .productName = Search;

ProductModel .barCode = UPC;

ProductModel .expiryDate = ExpiryDate;

if (String.TsNullOrEmpty(ProductModel .productName))
{
| await ShowAlert("Please add product name to continue");
i return;
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if (IsUpdating)
q
b

else

{

ProductModel . foodDepartmentTd = SelectedFoodDepartment.id;

var loader = await ShowLoading();

var apiResult = await DataServices.AddProduct(ProductModel,UPC);
await loader.DismissAsync();

if (apiResult I= null & apiResult.id = @)

e L O
LH

App-Locator . HomePageViewModel . SelectedTab
|  await App.Current.MainPage.Navigation.PopAsync();

¥

else

{
| await ShowSnackbar("Cannot add product”);
¥

xception ex)

1reference
188 public void Initialise(Productiodel productModel)
189
190
191
192
193
194
195
196

197

ProductModel = new ProductModel() { adminId = App.LoggedInUser.id,price=productModel.price, barCode = productModel.barCode};

UPC = String.Empty;
Search = productModel .productName;

IntilizeInternal();





image43.png
198
199

200
201
202
pLE]
204
205
206
207
208
209

210
211
212
213
214
215
216
217
218
219

220
221
222
223
224
225
226
227
228
229
PE)
231
232
PEE]
234
PEL]
PE
237

Lreference
public void Initialise(string upc)

1

! ProductModel = new Producttodel() { adminId = App.LoggedInUser.id, barCode

UPC = upc;
Search = String.Empty;
ExpiryDate = DateTime.Now;
IntilizeInternal();

¥

1reference
public void Initialise()

{

ProductModel = new ProductModel() { adminId = App.LoggedInUser.id };

UPC = String.Empty;
Search = String.Empty;
ExpiryDate = DateTime.Now;
IntilizeInternal();

3 references
private async void IntilizeInternal()

{

IsUpdating = false;
FoodDepartmentList.Clear();

SelectedFoodDepartment = new FoodDeparmenthodel();

var loader = await ShowLoading();

var result = await DataServices.GetAllFoodDepartments();
ProductsList = App.Locator.SearchPageViewModel . List;
await loader.DismissAsync();

if (result != null & result.Any())

{

| result.ForEach(s => FoodDepartmentList.Add(s));
! SelectedFoodDepartment = FoodDepartmentList[0];
¥

upc};
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1@ Ebsing GalaSoft.MvvmLight.Command;

2 using ScanFirst.Models;
3 using ScanFirst.Views;
a using System;
H using System.Collections.Generic;
6 using System.Collections.ObjectModel;
7 using System.Ling;
8 using System.Text;
9
16 Elnamespace ScanFirst.ViewModels
1 {
| Sreferences
12 El!  public class ScanPageViewModel : BaseViewModel
13 I
14 ]
15 private ObservableCollection<ProductModel> _list = new ObservableCollection<ProductModel>();
: ~ references.
16 B public ObservableCollection<ProductModel> List
17 : {
18 | I get => _list;
19 & set
20 ! {
2 i | _list = value;
22 : | RaisePropertyChanged();
23 ] {1
24 ] ¥
25 |
26 ; private bool _listVisibility;
! 2 references
27 B public bool ListVisibility
28 :
29 ] => _listVisibility;
EC- 1
31 |
32 | _listvisibility = value;
33 ! RaisePropertyChanged();
34 f
35 i
36 i
i ~ references
37 : public RelayCommand<object> ScanAgainCommand => new RelayCommand<object>(ExecuteScanAgainCommand);
38 H
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private void ExecuteScanAgainCommand(object obj)
1

Initialise();

Oreferences
public RelayCommand<object> ProductCommand => new RelayCommand<object>(ExecuteProductCommand);

1reference
private void ExecuteProductCommand(object obj)
{

if(obj is ProductModel productModel)

{
| App.Current.MainPage.Navigation.PushAsync(new AddProductPage(productModel));
¥

¥

2 references

public async void Initialise()

List.Clear();
var scanner = new ZXing.Mobile.MobileBarcodeScanner();
var scanResult = await scanner.Scan();

if (scanResult != null)
{

var loader = await ShowLoading();
var result = await DataServices.GetUPCProducts(scanResult.Text);
await loader.DismissAsync();

if (result != null)

{

result.ForEach(s => List.Add(s));

¥
ListVisibility = List.Any();

if (IListVisibility)
{
! var confirmResult = await ShowConfirmAsync("Do you want to add this product by yourself2", $"No Product exist with bar code {scanResult.Text}");
| if (confirmResult.HasValue 8& confirmResult.Value)
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{
| await App.Current.MainPage.Navigation.PushAsync(new AddProductPage(scanResult.Text));
¥

else

{
| await App.Current.MainPage.Navigation.PopAsync();

85 ¥
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catch(Exception ex)
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1@ Elusing GalaSoft.MvvmLight.Command;

@NO A wN

using ScanFirst.Models;

using System;

using System.Collections.Generic;
using System.Text;

Elnamespace ScanFirst.ViewModels
{

3 references
public class AddDiscountPageInternalViewModel : BaseViewModel

{

private ProductModel _productModel;
8 references

public ProductModel ProductModel

_productModel;

_productModel = value;
RaisePropertyChanged();

private int _firstDay;
1 reference

public int FirstDay

_firstbay;

_firstDay = value;
RaisePropertyChanged();

private int _secDay;

1 reference
public int SecDay
1
| get => _secDay;
set
{

_secDay = value;
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| RaisePropertyChanged();

private int _thirdDay;

~ references
public int ThirdtDay
1

| get => _thirdDay;

set
{

_thirdDay = value;
RaisePropertyChanged();

¥

private int _fourDay;
1 reference
public int FourDay

=> _fourDay;

_fourDay = value;
RaisePropertyChanged();

private int _beforeDay;
O references

public int BeforeDay

=> _beforeDay;

_beforeDay = value;
RaisePropertyChanged();

private int _onExipryDate;
1reference
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public int OnExipryDate

get => _onExipryDate;

set
4
| _onExipryDate = value;
! RaisePropertyChanged();
| B
}
o

public RelayCommand UpdateCommand

new RelayCommand(ExecuteUpdateCommand) ;
1 reference

private async void ExecuteUpdateCommand()

ProductModel . oneDayBeforeDiscount
ProductModel . twoDayBeforeDiscount

FirstDay;
SecDay;

ProductModel . threeDayBeforeDiscount = ThirdtDay;
ProductModel . fourDayBeforeDiscount = FourDay;
ProductModel .discountOnExipryDate = OnExipryDate;
if (Math.Round(ProductModel.discountOnExipryDate, 2)
{

od)

await ShowAlert("Please add discount percentage on expiry date"
return;

var loader = await ShowLoading();
var result = await DataServices.UpdateProduct(ProductModel);
await loader.DismissAsync();

if (result)
{

//App.Locator.AddDiscountPageViewModel . SortedProductsList . Index0f
App.Locator.AddDiscountPageViewtodel .Update () ;

ez Memrntzidenisl Dainloze)r

await App.Current.MainPage.Navigation.PopAsync();
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else

await ShowAlert(“Cannot update the product discount”);

e

Lreference
internal void Initilize(ProductModel productModel)

1
! ProductModel = productModel;
¥
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1@ Elusing GalaSoft.MvvmLight.Command;|

2 using ScanFirst.Models;
3 using ScanFirst.ViewModels;
a using ScanFirst.Views;
H using System;
6 using System.Collections.Generic;
7 using System.Collections.ObjectModel;
8 using System.Ling;
9 using System.Text;
10 using Xamarin.Forms.Internals;
1
12 Elnamespace ScanFirst.ViewModels
EE] {
3 references
14 public class FoodDepartmentPageViewModel : BaseViewModel
15 {
| Sreferences

16 public ObservableCollection<FoodDeparmentModel> ListComplete { get; set; } = new ObservableCollection<FoodDeparmentModel>();
17
18 private ObservableCollection<FoodDeparmentModel> _list = new ObservableCollection<FoodDeparmentModel>();

6 references
19 public ObservableCollection<FoodDeparmentModel> List
20 {
2 | get => _list;
2 set
PE] {
24 | _list = value;
25 RaisePropertyChanged();
26 B
27 ¥
28
29 private string _searchText;

2 references
30 public string SearchText
31
32 _searchText;
33
34 {
35 | _searchText = value;
36 | RaisePropertyChanged();
37 ¥
38
39 i
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Oreferences
public RelayCommand<object> DeleteCommand => new RelayCommand<object>(ExecuteDeleteCommand);

1 reference

private async void ExecuteDeleteCommand(object obj)
{

if (obj is FoodDeparmenthodel deparmentModel)
{

var result = await ShowConfirmAsync($"Are you sure you want to delete {deparmentModel.DepartmentName}");
if (result.HasValue & result.Value)
{

var loader = await ShowLoading();

var apiResult = await DataServices.DeleteFoodDepartment(deparmentModel.id);
await loader.DismissAsync();

if (lapiResult)

{
| await ShowSnackbar("Cannot delete Food Department™);
¥

else
{
| ListComplete.Remove(deparmentModel);
List.Remove(deparmentModel) ;
¥
i1
¥
O references

public RelayCommand<object> EditCommand => new RelayCommand<object>(ExecuteEditCommand);

1reference
private async void ExecuteEditCommand(object obj)

if (obj is FoodDeparmenthodel deparmentModel)

{
! await App.Current.MainPage.Navigation.PushAsync(new AddDepartmentPage(deparmentiodel));
¥

¥

Oreferences

public RelayCommand<object> AddCommand => new RelayCommand<object>(ExecuteAddCommand);

1reference
private async void ExecuteAddCommand(object obj)
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Oreferences
82 public RelayCommand<object> ClearTextCommand => new RelayCommand<object>(ExecuteClearTextCommand);
83
L reference.
8 private async void ExecuteClearTextCommand(object obj)
85 {
86 | SearchText = String.Empty;
87 3}
88
Oreferences
8 public RelayCommand<object> TextChangeCommand => new RelayCommand<object>(ExecuteTextChangeCommand);
%
L reference
o1 private void ExecuteTextChangeCommand(object obj)
%2 {
93 ]
o if (obj is Xamarin.Forms.TextChangedEventArgs args)
95 {
% | List.Clear();
97 var text = args.NewTextValue;
98 if (String.IsNullOrEmpty(text))
9 €
100 | ListComplete.ForEach(s => List.Add(s));
101 return;
102 3
103
104 var list = ListComplete.Where(s => s.DepartmentName.ToLower().Contains (text.ToLower()));
105 list.ForEach(s => List.Add(s));
106
107
108
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SearchText = String.Empty;
ListComplete.Clear();
List.Clear();

var loader = await ShowLoading();

await DataServices.GetAllFoodDepartments();
await loader.DismissAsync();

if (result != null)

{

var result

result.ForEach(s
result.ForEach(s

ListComplete.Add(s));
List.Add(s));
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