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ANDROID APP DEVELOPMENT


[bookmark: _Toc88147319]Abstract
An android application is developed that provides the location information regarding the public toilets that are present near the preferred location of the user in London. This application contains an authentication process for both users as well as admin. The firebase tool has been used for the authentication process and also for the database support for the application. The report contains all the information regarding the problems that were arrived during the research as well as the analyzing of the project. The information of the tools that are required for the making of the application is present and also the software and hardware requirements. The further enhancements or the improvement that could be applied into the application in the future are informed.
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[bookmark: _Toc88147320]Introduction 
Android applications are growing more and more and have become simple and daily requirements. As usage of mobiles devices have increased these applications have become very crucial as these applications provide very important support and services within the reach of their pockets. The inclusion of the Google Maps and locational services in the application has raised the bar as now anyone can travel safely without having much knowledge about the place or people with less route knowledge. Several travel services companies and delivery companies have gained huge benefits from these Google Maps devices. An application is developed in order to provide locational information to the users regarding the public toilets with parking space in London. During the making of the application there are several issues and problems that occur that are to be addressed and also several evaluations are to be done regarding the existing technologies and tools. The tools that are required for the making are to be predicted and analyzed along with the software’s development cycle.
During the making or before designing the application several types of analysis are to be done such as analysis regarding functional and nonfunctional requirements in the application. A UML diagram is to be done for proper visualization and from that the system requirements is to be identified. The design of the application is one of the most important things as there are several applications with high levels of designs and structure. This application should also contain a clear and proper design or structure. This application contains a proper authentication process that requires a database support; this database should be properly structured as per the functioning and requirement of the application. Implementation process is the most essential and the main process. If all the requirements and tools are present but the implementation is done inappropriately then the application can't be completed or done. This implementation process contains several models and tools for the process. When the application is complete, or the build process is complete with no errors the next step is to test the application. The test process should contain all the functional testing and activities that are proposed to be in the application. 

[bookmark: _Toc77345730][bookmark: _Toc77613305][bookmark: _Toc88147321]Aim
The aim of the project is to build a proper public toilet locational android application that should contain a proper and accurate authentication system.
 
[bookmark: _Toc77345731][bookmark: _Toc77613306][bookmark: _Toc88147322]Objectives
· To create proper database structure for authentication
· To make user to get proper transition between the functionalities
· To research on the existing apps
· To improve personal skills with android studio, and firebase 
· To analyze the necessary tool to develop an android application 

[bookmark: _Toc77613308][bookmark: _Toc88147323]Literature review
[bookmark: _Toc77613309][bookmark: _Toc88147324]Research on the problem domain
Android app development helps every developer to boost productivity level, customer satisfaction and code safety which is necessary to improve work efficiency and offers a high scalability. It helps to improve customer relationship management and provides accurate real-time project access rather than the previous time. It provides different types of security strategies to protect various types of data including customers and official data as per the user requirements. This android app has been distributed through several third-party marketplaces and it is able to increase market penetration [12]. Different types of challenges are present within this android app development including lack of hardware and software standardization across the devices which is able to damage workflow within the workplace. Various problems are present within the google map as this app needs continuous updating to work fluently. Also, it needs a strong wi-fi or mobile connection and location service regarding providing a quality of services to customers. In that case, developers are facing different problems for developing android applications such as software fragmentation, device fragmentation, programming languages, emerging security issues, increasing application visibility and patent and copyright issues. This Google Maps API is known as a robust tool that has been used to structure an accurate custom map, searchable map, display live data with location, and plan routes. 

· [bookmark: _Toc88147325]Google map API
Google has released a unique version of Android with various new features and the adoption rate of the latest version of this android remains slow. That is why developers are facing various problems in android app development [5]. It improves app classification through feature values that are irrelevant for the classification process. Different types of challenges are present within this google map API and these problems are given below, 
· Missing key map errors on WordPress 
· Loading time 
· Refer not allowed in map 
· Difficult functionality of using street view on Google Maps 
· Not connecting to the map 
· API warning 
· Google map API error 
· Slow functionality 
· API authorization failure 
· Invalid key map errors 
The working functionality of this google map has stopped being displayed and the page of this is unable to display various google map elements when this map is not working properly for a long time [1]. Another problem is its error code which means this google map doesn't work and instead. In that case, it has displayed invalid key or unauthorized error problems. This app is not appearing on any website page and customers are facing different types of problems within the workplace [11]. Google allows various device manufacturers to customize and extend this android operating system without any restriction. Google maps platform web service is an interface for requesting maps API data from various external services and using different types of data within map applications. This service has been designed to use in conjunction with a specific map as per the license restriction within the google maps platform term of service.

· [bookmark: _Toc88147326]Android studio
Android studio provides a unique unified environment where users are able to build android phones, tables, android wear, and auto. Android studio is an official integrated development environment for the Google operating system, and which has been designed for android app development for the customers. This system helps to provide a quality of services to customers as per their requirements [16]. Structure code modules of android studio allow users to divide projects into units of functionality that users can independently build, test and debug. Also, this android studio has been designed to enhance the process of android mobile application development. Various types of advantages are present of using this android studio for specific devices and these advantages are given below, 
· Structured mobile hardware components 
· Availability of different modern android development tools 
· Provide easy connectivity to easy access 
· Availability of process management 
· The proliferation of android developers 
This Android system provides a useful framework API that applications can use to interact with underlying different android systems [17]. It provides a core set of packages and classes to improve work efficiency stronger than the previous time. It provides various types of testing tools and frameworks, and it configures builds without any limits. This android studio has been optimized for all android devices which are necessary to enhance official workflow as per project requirements. Various features are present within the android studio and these features are given below:
· Provides instant run app 
· Visualize layout editor 
· Provides fast emulator 
· Intelligence code editor 
· Implement an addition of new activity as a code template 
· Build application for all devices
This android studio has an integrated development environment for Android app development and developers are using this android studio for developing different types of system software applications as per the user requirements. It provides various external resources and security strategies to protect different android applications from virus attacks which is necessary for the application growth. 
Android studio has been used to build this application accurately and this software is one of the most common IDE for android app development. This software has been optimized for all android devices which is necessary for developing this app. It provides different types of testing tools and frameworks for the smooth functioning of this toilet application. Also, it provides the fastest and feature-rich emulator for the smooth functioning of this toilet application. It helps to build files that are necessary for developing this application. This process saves project time and budget as per the user requirements. Various hardware requirements have been required to open this android studio [6]. Various steps are present to use this android studio and develop this application in an easier way. First of all, users need to open this android studio and start a new android studio project. After this process, users need to choose a basic activity and then they need to give a name of the selected application. In this process, this toilet application has been created by using this android studio. 

· [bookmark: _Toc88147327]Android app
Android app is software designed to run on an android device or emulator such as BlueStacks and this app can be written in Java, kotlin and C++. This android is an open source and Linux-based operating system for various mobile devices including smartphones and tablet computers. Various features are present within this android application and these advantages are given below: 
· Customizable UI 
· Easy approval 
· Freedom and innovation 
· Customization 
· Multi-network distribution 
· Offers high scalability 
· Facilitates new data retrieval 
· Provide app security 
· Improve work efficiency 
· Easy to maintain 
· Integrates with various existing software 
This advantage helps to improve work efficiency and this android is a platform where developers can increase their skills to provide quality services for customers. This android application reduces SMS cost and users are able to simplify communication by securely, instantly and directing messaging customers. This app reduces employee's workload by implementing this android application which is necessary for the business growth and another workplace. The android app has been designed for the smartphone or a tablet PC running on Android OS. This android activity is very similar to windows with a desktop application and provides various activities to decrease workflow. It provides various security protections to protect data from different types of unauthorized access as per the user requirements. UC browser, true caller, virus cleaner and RT news are harmful to this android app. It comprises design, creation, and development to develop a successful android application. 

[bookmark: _Toc77613319][bookmark: _Toc88147328]Software requirements
· [bookmark: _Toc88147329]Google map API
This software has been needed to build this toilet application easily and fluently. Google map platform is a huge set of APIS and SDKs which allows developers to embed google maps into mobile apps and web pages and also helps to retrieve data from google Maps Street view static API. It helps to add different types of relevant information for developing this toilet application smoothly and it is one of the cleverest bits of google technology. It helps to take the power of google maps as per the user requirements. In that case, users need to set up the development environment and an android device. After this process, they need to create a Google Maps project and set this in the cloud console [4]. Then they need to add the API key for developing this toilet application and deploy it to run the app as per the user requirements to provide customers with a quality of service. This can customize the look and feel of the map in different styles and users are changing this application through this google Maps API. 

· [bookmark: _Toc88147330]Firebase
Firebase has been also used to develop this application in an easier way as per the user requirements. It is a Google mobile platform that has been used to quickly develop higher-quality applications. It enables users to develop iOS, Android applications and web apps. This firebase provides different types of tools for tracking analytics, reporting, and fixing app crashes which is necessary to develop this toilet application accurately as per the user requirements. Database has been connected through this firebase as it provides a reliable and different extensive database [2]. Also, it provides a free start to newbies and google analytics for app development, it provides firebase cloud messaging for the cross-platform and free multi-platform firebase authentication to develop this toilet application. In that case, it is able to provide firebase testing services to improve this app quality and helps to provide fastest working functionality as per the user requirements. 

[bookmark: _Toc88147331]Health related risks
The app like this can help and improve health wellbeing and avoid risks. 
Urinary retention can occur for a variety of causes. The following are examples of possible causes:

· A barrier in the passage of urine from your body.
· Medications you're currently taking for other ailments.
· Nerve problems can cause your brain and urinary system to interact ineffectively.
· Infections and edoema can make it difficult for urine to leave your body.
· Medications given to you for a surgical treatment can cause complications and negative effects. [25]

Urine retention should be avoided because late diagnosis can result in over-distention and atony of the bladder, resulting in lasting impairment to urinary function and postvoiding residuals. [24]

[bookmark: _Toc88147332]Importance of android app development 
Application development creates a storm in the whole world because of the clear and simple convenience [18]. Android app development has become an integral part of formulating famous mobile apps. Mobile applications give the facilities in different aspects such as communication, business, promotion, online purchasing, gaming, and all. Not only that but also mobile applications give the facilities of health-related issues. Using an application, a person can detect the location of a nearby toilet, with the help of the advancement of mobile apps anyone can easily find the public toilet as per their requirement. London is the accommodation of a large number of people, so it is considered as one of the busiest places in the United Kingdom. In London, it is very difficult for the drivers to find a parking space.
With the help of this application, the drivers can easily detect the parking areas in London. Drivers and general people are facing the problem of finding a public toilet and parking space. So, the development of applications has to be improved so that these problems can be solved. For these scenarios, there are two applications that are very popular, such as “Flush app” and “Neverspoons app”.

[bookmark: _Toc77613310][bookmark: _Toc88147333]Evaluating existing example
Google Maps is a web mapping platform and consumer application that has been offered by Google. It offers satellite imagery, aerial photography and street maps, real-time traffic conditions and route planning. This Google map has been created through collaboration with Google earth which depends on images from third-party satellites. Various types of applications are present within the business industry that are using this Google map API including tweeted trips, Zombie outbreak simulators, plane finders, old maps online, CNN report maps and Disney's giant steps [15]. This google map platform is a set of different APIS which allows every developer to embed google maps into web pages. It also helps to retrieve data from google maps which is necessary for the customers to provide a quality of service as per their requirements. The google maps team is continuously pushing new map data to increase international coverage and it helps to cover different types of data for the latest coverage information. Users can filter data by using a unique filter box. In that case, the coverage data can change when licensing agreements with the data providers change. 

· [bookmark: _Toc88147334]Tweeted trips
Twitter users are able to generate a map of their journey including vacation, road trip through this google Maps API. The main objective of this Google Maps API is to provide a quality of services for customers as per their requirements. 

· [bookmark: _Toc88147335]Flush app
Flush app is very popular in the United Kingdom which mainly focuses on detecting public toilets. By using this application anyone can detect the location of the toilet according to their needs. This application Flush is running with the help of a Bluetooth device [18]. Through the use of Bluetooth devices, one can connect flush and find toilets in the United Kingdom. But for the above-mentioned problem, this app cannot detect parking areas in London, and it does not show any work timing. So, the developer has to advance an application which gives these facilities too. 

· [bookmark: _Toc88147336]Neverspoons app
Neverspoons is considered a mobile application that helps one to find a nearby pub. The pubs are shown on the maps; the autonomous pubs are showing green makers and other pubs such as “Wetherspoon pubs” are present as the red marker. This application supports the drinkers to take the facilities of independent pubs. Most importantly, in the Covid-19 pandemic, the “Neverspoons app” has been presented by two web planners regarding the feedback of the activities of the pub chain [19]. But this app does not give the facilities of parking the cars near pubs and also does not provide toilet facilities for their customers. Customers need toilet and car parking facilities near the pub areas. 
For both two applications, it is important to develop an advanced and new app which gives the facilities of a toilet and parking areas nearby pubs, through this development of new applications people of the United Kingdom especially London will facilitate a lot. 

· [bookmark: _Toc88147337]Zombie outbreak simulators
Zombie outbreak simulators place users in peril within a google map of a specific area by marauding zombies. It enhances different types of working procedures to keep applications safe from other unauthorized access. 
It helps to incorporate maps within an android application by using Maps SDK for android and this maps JavaScript has been structured to cater for mobile devices. This system is suitable for different types of browser applications that have been targeted at both desktops and devices. This entire system has included a web browser within a full implementation of JavaScript. Google maps platforms are providing various security strategies to project different types of applications at once and it is necessary for the business growth and other project growth. In this Google Maps platform, there are no restrictions on displaying real-time with different types of Google Maps products. In that case, google Maps platforms have been used in non-web applications to enhance the work efficiency. Also, this google maps has been used with private access applications and users can monitor API usages as per their requirements. Google maps platform products have been deployed within compliance with the standard google maps platforms. Various steps are present to integrate google maps within an android app and these steps are given below, 
· Install google play service SDK 
· Creating a new google map project 
· Implementing a google maps API key 
· Implementing XML layout files 


[bookmark: _Toc77613311][bookmark: _Toc88147338]Analysis of tool required
Android development tools are a primary IDE for native android app development. In that case, android studio has been used to complete this assignment work. This studio provides various code editing, debugging, and testing tools for easy interface. Android Studio uses Gradle as a foundation of a build system with various types of capabilities which has been provided by the android plugin [3]. This build system runs as an integrated tool from the android studio menu and independently from the command line. Xamarin has been preferred as a mobile app development tool for different native applications. It reuses business logic layers and different data platforms. This android studio has been widely used to build applications for iOS and android app development. This android studio offers a supporting system for c/c++ code through android NDK. Various tools are present for android app development including Appcelerator, eclipse, corona labs and build fire and firebase has been used for the database. Android studio has consistently made its position and it is very powerful software for the android app development. It offers different latest tools to create complex applications. Google created this android studio in 2013 and it has been structured within the network of android engineers. Various features are present within this android studio regarding providing an effective workflow and these features are given below.

Insightful code proof-reader 
Code manager of this android app helps to compose better code, work quicker through offering propelled code fulfilment and code examination. This studio gives various useful recommendations within a dropdown list to ease excess. This step is necessary for android app development as per the user requirements.

Quick and responsive emulator  
Android emulator helps to introduce and start this application quicker and also it helps to model and test different types of applications on different types of devices by using emulators. This system helps to reduce time and cost of this android off development which is necessary for the developers [8]. In that case, android studio helps to recreate various assortments of equipment highlights including GPS area, movement sensors, multi-contact input, and arrange idleness as per the user requirements. Developers can develop various android applications by using this android studio tool for easy access. For back up or to double test the app developers can use BlueStacks because some of the futures can’t be loaded properly on Android studio emulator especially when it comes to Google Maps navigation.

C++ and NDK support 
Android studio completely blisters different alternating c/c++ ventures. In that case, users can manufacture different JNI segments within this selected application. The IDE of android studio gives different language structure features and refactoring to c/c++ which permits users at the same time troubleshooting on users java and c/c++ code. This system is able to add the common figuration to existing android development kit as per the user requirements. This is a necessary step for developing an accurate android application. Also, it is necessary to compile and debug different native code for the selected application and android studio can install different versions of NDK within the android SDK. Also, this studio supports CMake which is necessary for class-platform projects and ndk-build. It is faster than the CMake and it is only supported on android which is very useful for the android app development. 
[image: ]
[bookmark: _Toc86395613][bookmark: _Toc88132189][bookmark: _Toc88132201][bookmark: _Toc88133204]Figure 1: Global market share of android application
(Source: [18])

Different types of advantages are present within this android studio for android app development and these advantages are given below:

Powerful testing tools   
Android studio provides a useful brand image of tools to examine different android applications through JUnit and UT test systems. In case of an espresso test recorder, users are able to create UI test code through recording user cooperation with the application on a gadget or emulators [13]. This tool helps to test on a gadget, a nonstop combination condition which is necessary for the app development. Various testing tools are present for building an android application including calabash, Ranorex, robotium and appium. Appium is one of the most open-source tools that has been used for automating application testing. Android Studio enables users to perform both simple and tests efficiency and it also can execute various test scripts smoothly rather than the previous time. It provides greater consistency and efficiency for android app development as per the user requirements. 

Powerful and adaptable 
Android studio offers various fabricated computerization and adjustable design for app development. In that case, android app development software is very powerful to structure various major applications with multi-level modules. Users are able to design to incorporate and facilitate libraries and also are able to construct different variations. This is a necessary step for android app development which can incorporate diverse codes and assets. 

Cloud and firebase connectivity 
Firebase assistance supports the interface of many applications including administrators, authentications, notifications, and others through bit-by-bit methods. Google platforms additionally assist users with coordinating different android applications with various admins. 



[bookmark: _Toc77613312][bookmark: _Toc88147339]Software development lifecycle

WITCH Model
“WITCH Model” suggests “World Induced Technical Change Hybrid Model”. This model mainly focuses on the change of the software for developing applications. Technical change indicates the advent of new technologies, modification of technologies and the use of new technologies as per the requirement which majorly helps to develop software. This model also presents a relationship between technical changes and policy variables in the economy. The model for software development, acceptance and dispersal plays a vital role in the changes of technology which help the present and future generation [26]. 
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[bookmark: _Toc88133205]Figure 2: Software Development Lifecycle
(Source: [26])

Figure 2 shows the development of software lifecycle which includes some factors such as planning, development, testing, deployment, and maintenance. 
A software development cycle provides an accurate conceptual framework to describe all activities within a software development project from unique planning to maintenance. This lifecycle has been associated with several modes and each of the processes includes a variety of tasks and activities. Various steps are present for the software development lifecycle including requirement analysis, design, and implementation coding, testing and software maintenance. Also, some stages are present within this software development lifecycle such as planning stage, design and prototyping stage, software development stage, software testing stage, implementation and integration, operation, and maintenance. This software development lifecycle alleviates various complexity of developing system information within a framework. It is a very crucial part for developing android applications and helps to manage project work easier than the previous time. It has been used to give different rigid structures and unique frameworks to enhance phases and steps which involve the development of system software. [26]
Every software development lifecycle has various advantages and initiations. Various lifecycle models are present within the business industry including classic waterfall model, iterative waterfall model, prototyping model, spiral model, V model and RAD model. This process enhances a set of finite activities which has been used to develop various types of software products as per the user requirements. It contains a complete plan for enhancing developed design and increasing the work efficiency of various software products. Also, this software development life cycle provides various methods to improve software quality and development process. Because of the structure of the app that is developed, this method is the most suitable for the project. 

[bookmark: _Toc77613313][bookmark: _Toc88147340]Analysis
[bookmark: _Toc77613314][bookmark: _Toc88147341]Functional requirements
The main functional requirement present in this android application is:
User
· Registration
· Login
· Search
· Feedback from user for the location
Admin:
· Adding new locations
· Approving or rejecting the feedback from user

The First and foremost functional requirement that would present in this android application is the registration process. On opening the application, the first thing the user needs to do is register them in the application. This registration will be done with demographic information and username and password which will be placed by user only. On providing the registration details this information will be stored in the database. Here firebase is being used to store the registration details of the user. 
After users input the registration details it gets stored into the database as per those details the login is done. The user needs to enter the proper username and password which they provided during the registration. On successfully providing the correct details the user will be allowed to enter into the application.
The next step is searching, when a user enters proper username and password they will be allowed to enter in the application and then they can search for the public toilet or rest rooms in their preferred location. In order to search the user needs to enter their present location or future location in order to get the location.
When the user enters some information about their location or pin number into the search box the public toilets or the rest rooms that are located near them or closer to their location will be shown. After the public toilet is shown to the user the user can select the public toilet. On selecting the public toilet, the particular public toilet will be highlighted.
When the user searches for a public toilet in a location or a toilet with parking space near them, they search for it in the application by placing their request such as a public toilet near me or public toilet. Then the public toilet will be shown to them after the public toilet is shown the user can touch the public toilet and they will get its address. The user will get some basic information about the public toilet they selected such as date of establishment, ratings, and address. Also user can tap on navigation button to start driving towards the chosen toilet.
In case of admin of the software development, the admin adds or includes new locations. Not only that but also, they support and even reject the feedbacks from the users. 

[bookmark: _Toc77613315][bookmark: _Toc88147342]Non-functional requirements
The non-functional requirements present in this android application are:
· Security
· Reliability 
· Usability 
· Accuracy
· Capacity
As nowadays every application contains some connection with the internet whether it is direct or indirect. In That case the possibility of cyber and outside issues can be a possibility. This application allows only the user who has registered previously to access the application. In case of new users, the application first makes them registered and then access the application. The application also contains a logout button which makes the user exit their account after the user. 
Every user should have trust and reliability in their application as during the creation of the account the user provides some demographic details. These demographic details can cause problems when they are placed in the wrong hands. In that case, this application uses firebase as the database for storing the registration details of the user. This database tool provides reliable data storage and also creates a unique user UID. 
This application is a very simple and basic application. It does not create any jingle of issue to the environment and also does not create huge sound or actions that may be problematic in an environment. The application does not emit radiation or any unnecessary things that cause harm to nature. 
Usability of an application should be in such a way that it should fulfill all the services that have been proposed and also in a usable way with accuracy. This application is made to provide details and location information about the public toilet. Along with that this application also allows users to create their own account before gaining the services. So, at first this application allows users to register and then search the public toilet and after getting the information that user can log out of their account. These are the features and are the basic features that can make any user to use efficiently.
Every modern application uses support from any other application or tools in order to perform completely. This application also uses support from two tools: one is the firebase tool and another one is Google Maps. The firebase tool is used to store the details of the user so that they can easily login to their account. The Google Maps tool is the main support as this application uses the Google Maps for identifying and providing the information of the public toilet to users. 
Accuracy in any application is the key and basic feature. As every application performs some tasks and functions, every task and function should maintain accuracy with them in order to provide proper services to the users. This application contains proper accuracy during the time of registration, login, and logout along during the launch time. 
The application contains proper capacity and strength to take multiple users at a time and also allows different users to access and logout the application properly. This application all supports several numbers of registrations and allows multiple users to login properly as the login is done through an external tool called firebase. 
An application should respond properly and timely in order to provide proper and accurate services to the user. There are several applications that contain some demographic details of a user such as phone number, email address. There are several mischievous people present who gather these details and account details in the application in order to gain Benefits. This slowness and lagging of applications may lead to providing benefits to hackers. In that case this application has been created with proper performance and timely actions.

[bookmark: _Toc77613316][bookmark: _Toc88147343]UML Diagram
· [bookmark: _Toc88147344]Use case diagram
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[bookmark: _Toc88133206]Figure 3: Use Case UML Diagram
Source: Author
[bookmark: _Toc77613317][bookmark: _Toc88147345]System requirements
[bookmark: _Toc77613318][bookmark: _Toc88147346]Hardware requirements
Hardware requirements provide most effective way of meeting users requirements and reducing the cost of implication. Different types of hardware requirements have been needed to develop this application through android studio and these specifications are given below, 
· [bookmark: _Toc88147347]RAM 
Android studio needs sufficient RAM for its smooth functionality. 8GB RAM has been recommended for the android studio for this application development and in my opinion and from my experience this is the minimum. If you try to load anything else from android studio you can end up low on RAM and the productivity will be insufficient. This system improves application performance by increasing the maximum heap size of applications for android studio process including core IDE, Gradle daemon and kotlin daemon. In that case, it needs at least 8GB RAM to run better. 
· [bookmark: _Toc88147348]Processor 
Users need to intel core i5-8400 Ghz for this application development through android studio. Also, a minimum of 8GB RAM and 20GB free storage has been required for application development. Also, 1920*1080 has been required screen resolution for application development through this android studio. Android studio is about 6GB in size and in that case, it is not running on less than i3 devices preferable i5. This processor has been required for the smooth functioning and 6th gen processor and above has been required for application development. 
· [bookmark: _Toc88147349]SSD 
Android studio is bigger software, and it needs a lot of time to load it to enhance the performance of SSD. It provides faster speed than a normal HDD to develop this locational app frequently. Users are using this SSD to get a faster booting experience for app development through android studio. Users increase read and write speed through this SSD and it provides the fastest speed while program has been loaded to develop this selected application. In that case, SSD has no effects on processing performance which is beneficial for app development [7]. 128GB is quite enough for the smooth functionality of android studio. SSD makes development easier, and, in that case, android studio opens and maps current project in less than 15 seconds which is necessary for building this application accurately. 
· [bookmark: _Toc88147350]GPU
GPU is one of the most important parts of android programming and smooth functionality. This GPU helps running the emulator more smoothly which is necessary for this location app development. Intel 550 or 620 is required for the easy functionality of this android studio and users don't need to use any dedicated graphics card for normal app development. 
This feature has been required for developing this public toilet app through android studio and this feature also helps to run the android emulator smoothly. Also, this feature helps to connect information with firebase, and it provides a visual layout editor and instant app run as per the user requirements. It helps to build this public toilet application for all devices through android studio. Also, it helps to configure this application without any limits which are beneficial for developing this public toilet application through android studio.
 
[bookmark: _Toc88147351]Risk analysis of app development
In case of android app development, there are some risks which bring negative effects. Risk related to the users; unsuitable users is another problem of this. Selection of bad development companions, security issues, refusal, and single platform are the major problems or risk related to app development [22]. 

	Risk
	Probability
	Impact
	Mitigation

	System failure 
	LOW
	High, Work/data loss
	Regular backups, use of cloud storage, working on online platforms. One drive, google drive etc.

	Lack of skills
	High
	High, unable to finish on time, heading the wrong path
	Online courses, watching video tutorials, spending time on simple tasks – practising. Coursera, w3school 

	Time management
	High
	High, unable to finish on time
	Review the roadmap, plan ahead and leave at least 1 spare week. Follow daily/weekly schedule. Gant chart. 

	Getting sick
	Low
	High, unable to finish on time
	Time managing, Review the roadmap, plan ahead and leave at least 1 spare week.

	System update
	High
	High, unable to connect different systems or they are not working same way as before update
	Do not update during the project, save old install file if downgrade is needed.



[bookmark: _Toc88133222]Table 1: Risk analysis
Source: Author 

[bookmark: _Toc88147352]Legal, social, and ethical issue
Legal, social, and ethical issues are vital while developing an application. Legal issues relate to “Non-disclosure agreement”, “Independent contractor agreement”, “Application store requirement” [23]. Social issues suggest the helpfulness of people using all the types of android apps. With the advancement of technology, people are depending on mobile applications globally. So, the demand for developing applications is much higher now than before. Ethical issues relate to the data protection and security of the data which is considered as one of the vital factors while developing a software or developing android applications. 

[bookmark: _Toc88147353]Data protection 
Data protection is one of the most vital aspects when it comes to public issues. For this assignment, the data has been collected from the drivers and some general people in London as well as the people of the United Kingdom. So, it is important to keep safe the data that has been collected from them, it enhances the security of those people. 
[bookmark: _Toc77613320][bookmark: _Toc88147354]Design
[bookmark: _Toc77613321][bookmark: _Toc88147355]App interface 
This application is mainly designed in a simple and basic way so that everyone can easily use and understand the features of the application. In order to create a simple and basic understandable application the interface is kept basic and informative. On cooking the application in the mobile devices at first a basic screen will pop up which will make the users register into the application.
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[bookmark: _Toc88133207]Figure 4: First/starting screen
Source: Author

This registration screen will contain two text boxes, one button and a link. The two text boxes are there to enter the email address and password for the registration and after filling the boxes the button will check the input text whether they are correct or not. If correct the details will be stored into the database and if wrong a message will occur which will state that input is wrong. After registering into the application, the next step is login. If a user has registered their details previously, they can login in directly without registration details. As the application feisty opens the registration page at the bottom there is a link which states that already registered then sign in. 
[image: Graphical user interface
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[bookmark: _Toc88133208]Figure 5: Registration page
Source: Author

This link will take to another interface that will allow the user to login. This interface also contains two textboxes, one link and a button. On entering the registered details, the user can login into their account. After placing the input details the button will take them to the next interface. The login interface also contains a link which states that not registered sign up. This link will take the user to the registration page in case any user still did not register into the application. 
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[bookmark: _Toc88133209]Figure 6: Main functional page
Source: Author



After the login is done by the user the main functional interface opens that contains two buttons: one is for the launch of the maps and another one is for the logout process. The launch button will open up Google Maps and then the user can point to the location in order to get the details regarding the public toilet near the point. Lastly, the logout button will allow the user to get out of their account which they entered by providing the email and password. 

[bookmark: _Toc77613322][bookmark: _Toc88147356]Storyboard

[bookmark: _Toc86395618][bookmark: _Toc88133210]Figure 7: Storyboard
Source: Author 

When the application is installed in the mobile device and on opening the first page that occurs is the selection page. In this page the person needs to select the option as per their functioning such as admin and user. An admin is the one who works for the application and the user is the one who is the client of the application for whom the application is created. The admin and user access contains different options and activities. After the selection of the access the next step is to register in the application if the person is new to this application. In case of admin, they don't need to register in the application their details will be pre-entered into the database. After the registration is done by the user, for the first time they will be automatically logged into the application. After the registration is done the user can now login using the same details that they have provided during the registration process. 
After the registration and logging process is done the next step is to launch the Google Maps. On launching the Google Maps, it will take the user directly to the location of London. After that, users can check the public toilet near them and also get the location information. Lastly, when the user has completed their activity, they can log out of their account. 

[bookmark: _Toc77613323][bookmark: _Toc88147357]Database design 
Database is one of the most important and essential parts for any application or a working software. A database helps in storing the important data in a structured way so that it can be retrieved or extracted properly at the proper amount of time. An application uses a database for storing several important data such as information of the user, account credentials of a user, files, numeric data, and demographic details of a user. This database connection ensures and provides proper data storage and accurate data usage for the purpose of the application. One of the main features or facilities a database provides to an application or working software is that it allows users to create their own account where only the details of a particular user will be stored. In order to access these personal accounts or store more details or get the older details the user needs to provide proper account credentials which are username and password. This username and password are also stored in the database. The username and password are stored in a different table on Firebase - Figure 16 and the account is connected to each of the rows of credentials and on successful entering the details it takes to the account of the user. 
In this android application database support is also used for the purpose of storing the email and password. Through this email and password user can enter into the application and then search for the public toilet details. After getting all the required services from the application the user can log out of the application as not logging out will make the account to be stayed in the application which may be used by someone else which may lead to problems to the account holder. In that case a proper log out button is created for making the user exit their account after they use it. 
In this application the database support is provided by Firebase tool. This tool helps in providing the basic and secure support to the application as per the requirement of the developer. It helps the developer to input different types of logging in methods as per the developer wish such as through email, Facebook, phone, Google, twitter, Github, yahoo, Microsoft, and apple. All of these processes can be used and initiated by the developer as per their requirements. In order to start developing a database at first the tool asks for an email request in order to entertain the tool. The firebase tool can only be used by entering the email ID or by creating an account. After entering the details, the developer will be entered into the tool and then they will be asked to create a project. As an account of a user can develop many projects, naming a project will make the developer identify that this project is of this particular application or software. After creating the project, the next step is to connect to the android studio. By connecting the Firebase to the android studio will make the developer to structure the database and its usage as per the application design. As this application will contain text boxes and buttons, connecting the database to these textboxes and buttons will make the process perfect. In that case the firebase tool needs to be connected properly with the android studio. 
The connection process of firebase with android studio is done by entering the connection code that is provided from the firebase after the creation of the project. These codes or links are to be entered into the android studio connection links for the connection. After the connection is done and entering into the project that has been created in the firebase there are several selections to be done such as selecting the authentication process and in the authentication the sign-in types are to be selected. In this application the email type of authentication is used so the email/password method is to be selected and after that that method is to be enabled. This enabling of the email/password method will make the user to only use that email type as the username and password of any type. If the user enters a normal Text or numeric value, the input will not be taken by the system. 
[bookmark: _Toc77613324][bookmark: _Toc88147358]Implementation
[image: ]
[bookmark: _Toc86395619][bookmark: _Toc88133211]Figure 8: Main Activity class
Source: Author

This is the main activity page that provides the initial page or interface when a user opens the application. In this activity an interface is designed that contains two buttons: one for the user and another one for the admin. The user is the customer who uses this application for their and this this application is designed for the users and the admin are the one who runs the application or the members of the company who has the inner access and contains all the information of the application. In that case, the user and admin button contain different features and functions which on clicking will occur.
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[bookmark: _Toc86395620][bookmark: _Toc88133212]Figure 9: First Activity class
Source: Author

This is another important activity that contains the links with the main activity. After the selection of the button the user or admin will be taken into the next stage. This stage is basically for the users, this is the registration process. On clicking the user button in the initial page, the user will be taken into this registration page. If the user is new to the application, they need to register into the application. This registration details are stored into the firebase tool that is been used for the authentication and database purposes. 
[image: Graphical user interface, text, application
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[bookmark: _Toc86395621][bookmark: _Toc88133213]Figure 10: Login Activity class
Source: Author

This is the login activity class; this part is designed for both the user as well as the admin. If the person chose the admin button in the initial page, they will be taken into this page for the loin process. The admin can provide the perfect login details and then can enter into their admin portal. In case of the user, when they click the user button at first, they will be taken to the registration page. In that registration page there will be link that will take the user to this login page. This page should be accessed when the user has already registered into the application.
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[bookmark: _Toc86395622][bookmark: _Toc88133214]Figure 11: Home Activity class
Source: Author

This is the home activity that manages the home page’s functioning. This page is accessible only when the user or admin have successfully logged into their account. This page contains two buttons: one for launching the Google map and another one for the logout purpose. The launch button opens the Google map for the location in London and then user can search and mark the location or the toilet by moving the marker. The logout button will take the user or admin out of their account.
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[bookmark: _Toc86395623][bookmark: _Toc88133215]Figure 12: Main Xml file
Source: Author 
This is the xml page layout for the main activity. This xml file provides the designing and layout design of the page that will be present in the application. This button contains some ids that are used in the activity classes in order to provide actions into these buttons. This layout provides the two buttons named admin and user which contains two different actions.
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[bookmark: _Toc86395624][bookmark: _Toc88133216]Figure 13: Login Xml file
Source: Author

This xml file is designed to provide the login page for the user as well as the admin. This layout contains two textboxes, one button and one link. Each of these attributes contains different ids that are used to process the request and are mainly done by using the java files. These ideas are used by the java file for provide different functionalities. This type of login page is designed for user only, the admin login page contains similar layout, but that interface does not contain any link. 
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[bookmark: _Toc86395625][bookmark: _Toc88133217]Figure 14: Home2 Xml file
Source: Author

[bookmark: _Toc86404380]Home xml file contains a layout that contains two buttons with different actions. The launch button opens the Google maps and provides location information, and the logout button makes the user to logout of their account. These two buttons contains different ids in the xml code.






[bookmark: _Toc88147359]Testing
	Test Case
	Input
	Output
	Pass / Fail

	Starting the App
	[image: ]
	[image: ]
	PASS


[image: ]

	Home / Initial page
	[image: ]
	[image: ]
	PASS



[image: ]

	Incorrect Log in details 
	[image: ]
	[image: ]
	PASS




[image: ]

	Successful log in
	[image: ]
	[image: ]
	PASS





[image: ]

	Home activity
	[image: ]
	[image: ]
	PASS




[image: ]

	Navigation
	[image: ]
	[image: ]
	PASS




[image: ]

	Start of external navigation app / google maps
	[image: ]
	[image: ]
	PASS



[image: ]


[bookmark: _Toc88133223]Table 2: Testing
Source: Author
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[bookmark: _Toc86395630][bookmark: _Toc88133218]Figure 15: Firebase Realtime database
Source: Author

This is the firebase real time database that has been connected to the android application. This database stores the longitude and latitude information of the user marker placement.
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[bookmark: _Ref88139343][bookmark: _Toc86395631][bookmark: _Toc88133219]Figure 16: Firebase authentication process and authentication information
Source: Author



This is the authentication details that have been provided by the user and it also contains the admin authentication information.

[bookmark: _Toc77613326][bookmark: _Toc88147360]Evaluation 
[bookmark: _Toc77613327][bookmark: _Toc86404382][bookmark: _Toc88147361]Personal evaluation
My personal experience developing android app was mix between knowledge, new skills, hard work, a lot of reading and testing and some difficult moments related to the hardware. I have never come across app development and for me was challenging to get familiar with android studio, google maps and firebase. In Bcs Cloud Computer course we have been introduced to some coding, but java is something that I needed to do from scratch. It was very interesting to find out and actually make it happened, how different platform are communicating and sharing data between each other. On one side we are using something 100% developed and functional like Google maps, and on the other we have to build new app that needs to embed and use it as long with Firebase to that needs to help with authentication and locations data base.
This is a public toilet location and details providing application that allows users to get their required information and nearby public toilet details to the users location. In order to provide proper modern application features it has been implemented with an authentication system and a button that launches the Google Map so that users can check for their parent's office. The application also marks the location as per user requirements. Lastly, the application also contains a button for logging out. 
There are two main features present in this application that are:
· Authentication 
· Launching 
 The authentication process is the main process from any application as it allows the user to enter into their own created account for the purpose of security and their information. In this application the authentication is done with the help of email and password. The user needs to provide the proper email ID as this application won't take any other text or numeric values in the email column but in the password section the user can enter any type of value. After registering into the application, the user will be allowed into the application to get their services. This authentication is done with the help of a firebase tool that allows various types of communication methods and stores all the details that have been inputted. This application also contains a logout button that allows users to leave their account whenever they want. 
After the user enters their login credentials and enters into the application there are two buttons: one is launch and another one is log out. The launch button allows the user to enter into the Google Map in order to get details or information regarding the public toilet. On clicking the launch button Google Map will open and the location of Trafalgar Square will open. After the map is opened the user can search for the public toiletry can get the public toilet location. The Google Map also allows users to get other information regarding the place they select in the map. If a user places the marker in an anonymous or a place that are not marked in the map, this user marking place information will be provided to them. Users can also use the Google Map as per their requirements such as for getting details of certain places or to get the distance information for their current place. 
During the making of this public toilet android application there was some struggle that has been encountered such as:
· Connection with the firebase
· Launching issues
· Authentication issues
One of the main struggles that have been encountered during the making of the application is connection with the firebase tool. This firebase tool requires certain stepparents and process before then connection such as proper sign in process and after that project creation, each floor different devices application and lastly the connection links. After the creation of the project in order to connect to firebase with an android studio all the connections linked are to be entered properly into the android studio then only the connection is possible. Even after the connection is assigned the text boxes and button features have been a bit concerning. 
Another issue while developing the application is the launch issue. In this application support of another application is taken which is Google Maps. This Google Map is the main part of this application as it is used for the location purpose. In that case, this application has been connected with Google Maps with the help of API keys. After connecting the Google Maps application with this public toilet application during the launch process the application is only launching the Google Maps only without any location. In that case, in the Java code the longitude and the latitude of a place in London called Trafalgar Square is provided. Now whenever the launch button is pressed the location of Trafalgar Square is opened. 
Next challenge that I face was that the app was creating problems was the authentication issue. The registration and then login process in the starting of application is done perfectly but after the back button is clicked or the application exited the account through which the application is logged in was staying. This logged in application was creating huge problems as whenever the back button is clicked to go to the login page the application was automatically logged in and the launch option was coming. This automatic login only allowed the account that was logged in at the first time and this was also creating problems while registering or login as it was not allowed to register, it was directly talking to the launch page. In that case, a logout button is created in the same page of the launch page. After the launch is done the user can click the logout button this makes the user and application to leave the app from their account. 
As this application the authentication process is required it has been implemented with a proper database whopper that allows prosper authentication management and also to use it securely as this authentication process contains a unique code for each of the entry and makes the charges regarding the authentication very secure and easy. The launch process also takes to the Google Maps very accurately and it directly takes to the Trafalgar square location in London. On launch the Google Maps out also shows several markups and user can tap on a marker and then press the navigation button that will automatically open Google Maps and will start navigating towards the location taped. Lastly, users can also log out properly from the application after their use. 
There was a plan to give an optional features to the user. One of them is to give feedback/comments about the location and those comments to be approved from the admin. The other was to have locations added from users for future grow of the app. Because of the complexity and time needed to develop these futures they are placed in further enhancement part of the report.

[bookmark: _Toc77613328][bookmark: _Toc86404383][bookmark: _Toc88147362]System evaluation
In the process of development of the application there are several codes and XML files are generated. The XML files are the one through which the representation of the application pages or different activity pages are designed, and the codes are the one that performs internal actions and connections between the page and the actions in the pages. In this application there are three main activity pages that are written in Java language. The three activities are homeActivity2, MainActivity and loginActivity2. As the name suggests these three activity acts for different pages and actions in the public toiletapplication.
homeActivity2
This activity contains the two main features or functions that are:
· launch_btn 
· btnLogout. 
 The launch_btn has been inputted with the function onclicklistener. This function allows it to act as per the action that has been inputted. In the function, another function is being used which is the intent function. This intends function will contain a variable and this variable has been inputted with the values of the geographical details of Trafalgar Square. The geographical information is stored with the help of longitude and latitude details of the Trafalgar Square. This launch_btn is a button that has been named as the launch map.
Another function is the btnlogout, in this function also the on clicklistener function is being inputted. This onclicklistener allows the action to be placed as a button and also to perform actions as buttons. Here a function called FirebaseAuth is being used that contains the authentication functions in it. In this FirebaseAuth function there is an attribute named getInstance() and in that function there is an option called signout(). This makes the account to get signed out and ato allows new accounts to sign in or register. Here also the intent function, in this intent function an action is placed which is to take the user from homeActivity2 page to MainActivity page after clicking the logout button. This taking the user from homeActivity2 to MainActivity is done after the sign out is done with the help of FirebaseAuth function.

loginActivity2
In this activity there are several main parts that play huge role and important roles such as:
· emailId, password
· btnSignIn
· tvSignUp
· mAuthStateListener
 The emialId and the password are the attributes that fall under the process of btnSignIn. This btnSignIn is a function that has been connected with the onclicklistener function. Generally, the emailId and password are the textbox names that have been used for the identification of each textbox and the btnSignIn in nothing but the button which on clicking the entry is entered or validated. In this emailId and password attributes there are certain limitation inputs that are if the field is empty, and a button is clicked then it will tell the user to input the details and it will also show the error message when a proper email type format is not inputted. In this process intent function is used which takes the user to the loginActivity2 page to homeActivity2 after the user correctly provides the details. 
The tvSignUp has been inputted with the same onclicklistener function that contains an intent property. This intended property takes the user from loginActivity2 to MainActivity. 
mAuthStateListener has been created with a new mAuthStateListener with the function FirebaseAuth. In this function the 
If the authentication is done properly, it will show the message that "you are logged in" and if the login is not done properly it will show "please login". Similarly, if there are any issues with the input type it will also inform the user to input proper details. 

MainActivity
This activity is mainly designed for the signup purpose of the user. In this activity there are also some important functions present such as emailId and password, btnSignUp and tvSignIn. Here also the emailId and password are the textbox names and the btnSignUp is the button that contains onclicklistener actions and after inputting the details in the textboxes and then clicking the button if the details are correct as per the required format the details will be stored into the database. 
The tvSignIn contains the function onclicklistener function that contains the intent to take the user from MainActivity page to loginActivity2; this can only be done if the user is already registered into the application. 


[bookmark: _Toc77613329][bookmark: _Toc88147363]Further enhancements
The enhancements that can be done in these applications are:
· Storing the previous history of the user
· Rating the public toilets 
· Comments from users
· Allow users to add locations
· Approval to the comments and all added locations by the user from admin
In this application the user can just login into their account and then they will be allowed to search for the requirements. This application does not store the activity of the user, in this application the history of the users activity could be stored so that they can see their past activities or to get details from their past activities.
One of the main and beneficial features will be the rating and reviewing system. This application does not contain any review system for now. In that case, providing the rating and the review system in the application will make the other user go for the best rated and also to make the public toilet authority to know about their facilities or issues and also the customer views on their services. Through this rating system the information of the customers visiting the public toilet will also be stored which could be beneficial while storing the records of the user.


[bookmark: _Toc77613330][bookmark: _Toc88147364]Conclusion 
[bookmark: _Toc77613051][bookmark: _Toc77613331]In the above report it has been concluded that an Android application is being made in order to provide the locational and directional information regarding the public toilet present near the geographical location of the user. This application contains a proper authentication process that allows both user and admin to enter the application securely and uniquely. In this application several tools are used such as Google Maps and firebase tools which play an important role in this application. Google Maps are used in order to provide locational and direction support to the application and the firebase tool is used for the database support for the authentication process. The report contains all the information regarding the research on problematic situations. It also contains information regarding the existing tools and technologies and also analysis of several tools that are required in this project. 
The report contains a selection where different types of analysis are done. It contains analysis on different functional and non-functional requirements in the application. Apart from that a small analysation is also done in order to understand the hardware and software requirements. The report also contains the information and details regarding the interface of the application. A storyboard is created that talks about each and every step of the application. The database that is used in this application for authentication stores the email ID and password and it is also used for registering and logging. The information regarding the implementation of the application and the modules as well the process that is used for the development is provided. After the application is built several testings are done in order to check the functionality and process that are implemented in the application. 
Evaluation of the application is done and is done in two ways one is personally and another one is systematic evaluation. Apart from the features present, other features that can be added or used for the enhancement are provided. 
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