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[bookmark: _Toc10211672]Introduction

The first section of this paper will discuss the nature of the project which is being undertaken, it will include any research or findings pertaining to the topic of interest and will also delineate the aims and objectives which the Author hopes to accomplish when completing the project.


[bookmark: _Toc10211673]Background to the Proposed Research

[bookmark: _Toc10211674]Introduction

Augmented reality is presenting itself as an interesting and emerging technology, the integration of virtual objects provides users with a way of perceiving digital objects in a real-world environment. Augmented reality doesn’t stop at visual modalities, it can also incorporate other modalities such as auditory, haptic, somatosensory and olfactory to enhance the augmented experience; However, for the purpose of this project it can be assumed that only the visual aspect is required to successfully adhere to the aims and objectives outlined [1].
What is augmented reality?
According to ‘Huma Shoaib’ in Their paper “A survey of Augmented Reality” they define augmented reality as “An AR system supplements [the real world with virtual (computer-generated) object that appear to coexist in the same space as the real world”. This subsequently describes augmented reality as appearing to include virtual objects within the real-world environment [2]. 
The four common types of augmented reality are:
1. Marker-less AR – Often referred to as location based or position based which frequently utilises GPS (global positioning system) to supply data which is typically based on the users’ location. This form of AR technology needs no existing knowledge of the environment to superimpose a computer-generated image into the scene [3]. 
2. Marker-based AR – Effectively the inverse of Marker-less AR, this technology requires a specific visual object to then overlay a pre-determined virtual object in the scene [3]. Markers often consist of black and white colours to help define the marker from the background when the frame is captured, a common example of this is a QR code (Figure 1); however, with recent technological advances particularly with smart phones camera quality, pretty much any image can be used as a marker for AR. 
[image: ]
[bookmark: _Toc10211664]Figure 1 - QR Code [3].

3. Projection Based Augmented Reality – This type of AR allows users to interaction with a projection as if the projection was an object [3].
4. Superimposition Based Augmented Reality – Has similar characteristics to marker-based AR, however the augmented image which has been inserted into the scene can partially or completely replace the original image [3]. 
A popular mobile application which has been identified as extremely relevant to the research into augmented reality is Googles’ Translate. Google has had a feature for many years which allows the conversion between languages bases on text input, in recent years they released a mobile application which allows users to see an augmented conversion using their cameras on their smart phones. 
Google used an existing piece of software called Word Lens which understands characters/words, and using optical character recognition, translates the words to the desired language. This technology was then incorporated into Googles’ Translate application.
Whilst the project may not require character or word recognition, it has similar goals to what Word Lens provides. The intention is to use a form of recognition to recognise the licence plate (via characters or image), then insert an augmented display which will overlay/replace that image. 

What software should be used to develop the application?
Determining what software should be used to construct the application is a fundamental step in the background research into augmented reality, the software should be proficient enough to manage the technology and deliver the expected outcome of the project. 
The software must be compatible with Windows 10 which eradicates any OS dependant software which is not Windows. In addition, the software must be able to deploy to an Android device as the Author possesses an Android phone and has no desire to expend any money on new equipment.
Fortunately, most smart phones are the equivalent to handheld computers, recent advances in technology now ensure that they are capable of processing complex applications and have sufficient memory to sustain practice [4]. This provides assurance regarding the capability of an Android smart phone sufficiently managing an AR application. 
There are a multitude of development platforms available to construct the application on, the Author has identified the following as the best possibilities:
1. Unity – This software is a cross-platform game engine which has incredibly dynamic tools to develop augmented reality applications on. The technology is responsible for being the platform for which over 91% of HoloLens experiences are constructed on [5].
Unity is particularly beneficial to the project as it is considered possibly the most significant software to create mobile AR experiences on, it provides a colossal quantity of tools to ensure any developer can achieve their goals using the software [5]. 
There are numerous SDK’s which can be used together with unity in the construction of AR applications, this strengthens the decision to use Unity as the platform to create the application on. 
2. ARCore – Google’s alternative to Apples’ ARKit, this software development kit permits developers to design and develop dynamic augmented reality applications. ARCore outlines three principle competencies which allow augmented/virtual substances to be implemented and visualised through a camera, Motion Tracking, Environment Understanding and Light Estimation collaboratively proceed to generate an incredible AR experience [5].
3. Vuforia – Considered one of the most popular AR platforms for developing sophisticated applications on, some of the major concepts associated with the SDK are:

Model targets – This erudite feature allows for sophisticated object recognition, text recognition, surface recognition and incorporates an intelligent tracking system [6].
Ground Plane – When used in conjunction with Unity, this feature facilitates the placement of augmented assets on a surface. It has a key role in the creation of superiority visual applications particularly AR applications [6].
4. ARToolKit – This library is available free for developers to make use of its functionalities, its affords developers with the ability to track planar images, has multiple plugins for unity, provides free software and has effective camera calibration [6].  
Using Unity in collaboration with the software development kits discussed above should provide an efficient and effective method of implementing the augmented realisation desired. The Author has previous experience with Unity and importantly, using augmented reality and unity collectively. There is no logical sense in deviating from the software as the Author is obstinate that it can successfully implement the requirements of the project. 
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Background research into augmented reality has provided the Author will a competent degree of knowledge and understand associated with the technology. Research into AR applications (particularly mobile apps), has confirmed that the project idea is achievable and possible. 
A comprehensive analysis of available software options has been undertaken to acknowledge what software to use to develop the application. Unity has been identified as the proposed software choice because of the multitude of AR tools available, it also allows developers to integrate multiple SDK’s into the unity editor. The SDK’s will provide great assistance in the development of the application. 
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Aims and objectives perform an essential role in project management, well-defined aims and objectives ensure that a project can be successfully achieved with the client being satisfied. 
Aims define what the overall purposes are of the project; whilst objectives delineate how to achieve the aims by providing a structure. 
[bookmark: _Toc10211677]Aims
1. Create a mobile application to allow users to visualise a personalised registration plate on their vehicle. 
2. Provide measures to attain data from users regarding the usability, feedback, views and opinions of the application. 
3. Use data collection methods to collect participants views on the influence of the application (are they more inclined to purchase a licence plate after using the application?).
[bookmark: _Toc10211678]Objectives
1. To explore current available options for developing a mobile application which can support the augmented reality technology (game engine).
2. Create an requirements and system specification for the projected application, this will include hardware and software required for the application to be constructed and deployed.
3. Identify and adhere to a research philosophy in the obtaining of research information regarding the topic of choice.
4. Identify and adhere to a software development methodology to ensure the construction of the application is planned and managed sufficiently.
5. Conduct surveys and questionnaires to obtain required data regarding the applications functionality and influence on the probability of purchasing a licence plate. 
6. 

[bookmark: _Toc10211679]Research Methods
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This section of the report will delineate how the data pertaining to the topic of interest is obtained, evaluated and expended. Primary and secondary data will be obtained to answer any research questions associated with the project, this data is then analysed to provide a conclusion and response to the questions.
Prior to the research commencing a research philosophy must be identified, to assist in this process ‘Saunders’ research onion will be utilised to define the stages in which the research must take place, this is illustrated in Figure 2. The stages of the research onion include a research philosophy, research approach, research strategy, time horizons and data collection methods. Ensuring each stage is completed will result in an effective way of conducting the research [7].
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[bookmark: _Toc10211665]Figure 2 - Research Onion [8].
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The first step is to identify a research philosophy which is indicated by the outer layer of the research onion. A research philosophy will dictate the method of gathering data and how the data is interpreted and used.
When considering what the project aims to achieve and the development involved, it can be acknowledged that the philosophy which greatly befits the aims is the phenomenology philosophy. Phenomenology philosophy uses qualitative research to acquire data via surveys and questionnaires to provide a resolution to a potential hypothesis or questions proposed.
Phenomenology is an adaptation of interpretivism and according to Remeyni “describes the philosophical approach that what is directly perceived and felt is considered more reliable than explanations or interpretations in communication” [8].
This philosophy can be deemed acceptable as one of the fundamental aims of the project is to attain if a user is more inclined to purchase a personalised registration plate, based on a visualisation of it. 
One of the methods which can be used is questionnaires and surveys which could be asked before and after the user uses the software, this could provide important feedback regarding their choices and the data can be used to compare against their previous opinions.
Why phenomenology?
The following points describe the reasoning behind the selection of a phenomenology philosophy:
1. Phenomenology intends on evaluating a person’s experience in a given situation. 
2. The research is conducted predominantly using interviews and surveys. Although data can be potentially collected via observations. 
3. The philosophy is focussed around the users experience with no reference to pre-conceived ideas concerning the experience. 
4. Potential for the data to influence new theories. For example, although the aim of the project is to clarify if users’ are more inclined to purchase a personalised registration plate after observing a visualisation on their vehicle; The data could result in evidence of a specific registration plate which has been tested the most frequent, maybe a particular age range/gender choose particular characters.  

[bookmark: _Toc10211682]Approach

Now that a research philosophy has been chosen, a research approach must be decided on which best encomiums the philosophy. The two obvious selections are inductive and deductive, both having measurable differences. The illustration below depicts a differentiation between the two approaches:
[image: ]
[bookmark: _Toc10211666]Figure 3 - Inductive vs Deductive [9].
The inductive approach typically does not start with a hypothesis but favours constructing a theory as opposed to testing against one. The researcher determines how the data collection methods are controlled and managed with a theory proceeding to be developed as the data is received from a users’ experience [10]. 
A key concept associated with an inductive approach is gathering data based on users’ perspective, often questionnaires can be “yes” or “no” answers which often do not delivery the complete truth. This is where a deductive approach takes precedence, the questions can be constructed by the researcher to attain specific and none specific responses, this data can then be analysed and consumed accordingly. 
A deductive approach is commonly used with a quantitative paradigm and often produces figures or frequency distribution to depict data results. In addition, the approach typically to quantitative research invokes a verification-oriented, confirmatory and hypothesis driven approach which can be deemed inadequate for the purpose of this study [10]. 

[bookmark: _Toc10211683]Strategy
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The first strategy chosen is software development, this strategy has an integral part to the project because it was what the user directly interacts with and gives feedback on. Software development strategies are traditionally used in conjunction with a positivistic philosophy and deductive approach; however, this strategy must be implemented to allow this project to be undertaken and produce software which users can give their opinions and feedback on, which is important data which needs to be collected to access if they are more inclined to purchase that registration plate after using the software. 
The software development strategy should include a proposed view of the intended application with guidance to the applications appearance, as this project is directed by a government agency then it needs to be understood if specific layouts need to be adhered to regarding the presentation.
[bookmark: _Toc10211685]Strategy 2 – Document Review

The document review will be achieved by undertaking research which relates to the project, any literature which is deemed informative and relative to the project will be cited and used accordingly. 
The document reviews aim is to access literature particularly which corresponds to:

Augmented reality – Literature which can help build knowledge and understanding of this technology with specific emphasis on the implementation of it, literature should include existing software which can be compared against, best practices, software to assist in the creation of the application and Authors/organisations which have been exceptionally influential in this field of technology.

Data visualisation – It is important that the data collected from the research is exhibited sufficiently so that clear resolutions and statements can be concluded from it. This technique will be markedly important due to the different data collection methods (surveys and questionnaires), different methods represent data in different ways so using data visualisation can give a better representation of results.

Psychology – Maybe an area of interest to consider reviewing documentation surrounding the psychology contiguous with user-device interaction. Researching documentation which involves user interaction with electronic devices can provide results which can be compared against the data which is returned from the data collection methods from the users whom will use the software.


[bookmark: _Toc10211686]Strategy 3 – Surveys/questionnaires

Surveys and questionnaires will provide essential data regarding the user’s opinions on the software functionality, user choices, usability, recommendations and ultimately whether they feel persuaded to purchase a licence plate as a direct result of using the software.
This strategy will allow the Author to construct specific questions which will exhibit the fundamental purpose of the project and provide essential responses which can assist in the project conclusion.
Research into software which can assist in the construction and presentation of surveys and questionnaires will take place, this will ensure that the questions are formatted and structured correctly to maximise the potential usage of the data collected from the users. 

[bookmark: _Toc10211687]Risks & Limitations

Any project has risks and limitations, careful planning will ensure any problems which expose themselves are sufficiently dealt with. The following risks have been identified as the biggest risks to the project:
1) Time constraint – Considering work responsibilities and other commitments, the progression of the project maybe obstructed. However, the construction of a Gantt chart will help alleviate the pressure surrounding the allocated time for each aspect of the project, it can aid in the allocation of time for elements which are believed to be estimated as challenging. 
2) Software compliance – This is a potential risk but one which the Author does not foresee occurring as previous experience with implantation of augmented reality has ensued. 
3) Data collection methods – Surveys and questionnaires are the principle data collection methods utilised in the accumulation of data from users. A potential risk could be that users do not complete the questionnaires in a timely manner, this risk is considered minimal as the candidates will predominantly be work colleagues, therefore should be obligated to commence the surveys and questionnaires suitably. 
Collecting data from users can always propose the issue of user error or bias considering the opinions and feedback they respond with, ensuring the participants are carefully selected should help oppose this issue.
4) Government compliance – it is imperative that the application adheres to any guidelines or procedures which the DVLA enforces, failure to do this would result in the project being rejected as it does not satisfy the criteria surrounding the deliverance of software for public use (assuming it is for public use). 
[bookmark: _Toc10211688]Time horizons

There are two possibilities when considering the time horizons, Longitudinal and cross-sectional. Longitudinal is defined by reviewing changes over a period; Cross-sectional refers to a specific time period or random time period.
The project spans over a period of 6 months but the data collections method will review data from a given time, it can be assumed that a combination of the two horizons will be utilised to ensure the data collected is tangible. 

[bookmark: _Toc10211689]Data Evaluation

The evaluated data collected will primarily be compared against the initial surveys conducted, with assistance from data visualisation techniques help identify any correlation or relation in the data. A comprehensive analysis of the data will occur to provide a conclusion to suggest if the project has successfully managed to complete the aim and objectives.
Regarding the software itself, multiple manual tests will be performed to ensure the software is robust and functions correctly. Any participant (work colleague) whom takes the surveys and uses the software can give feedback in response to usability testing. In addition, this can be further tested by the test team at the DVLA to ensure that the software is compliant with the level required should it be deployed at the DVLA. 
[bookmark: _Toc10211690]Conclusion 

This section of the proposal has outlined the research philosophy, approach, strategies, risk & limitations, time horizons and how the data will be evaluated. The research onion has aided in the decision making surrounding the method of undertaking the research and data collection methods. The Author identified that a Phenomenological philosophy befits the project best with an inductive approach to the research.
Software development, Document Reviews and Questionnaires will be used as the strategies to obtain data from users, the strategies overlap over inductive and deductive approaches; but are considered integral to the project. 
Possible risks and limitation have been documented and the use of a Gantt chart will help guide the project and minimise the possibility of any of the risks occurring. 
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A software development methodology is associated with software engineering and aims to divide the development process into specific phases to improve the management of the software development process [11]. 
A development method must be identified as the project has a large development segment to it, a software development methodology will help manage the software element effectively. There are a multitude of commonly used methodologies to choose from but recognising one which befits the project best will ensure the secure deliverance of the software desired [11]. 
These methodologies are divided between traditional and agile ethos’s, commonly known traditional methods are the waterfall method and the spiral model. Traditional methods are often concomitant with large projects which require large amounts of documentation with customer interaction involved at the start of a project; in contrast, there are many agile methods to consider such as RAD (Rapid Application Deployment), SCRUM, Extreme Programming and DSDM (Dynamic Systems Development Method). Agile methodologies are generally associated with medium or small projects, the ethos promotes adaptability and focusses more on the deliverance of the software as opposed to documentation [12].
[bookmark: _Toc10211693]Software Development Methodology

As the project can be deemed characteristically small, an agile methodology is presumed to be more beneficial. The traditional approach requires heavy documentation, which is not necessarily required for this project. The illustration below demonstrates some of the benefits of expending an agile methodology (Figure 4).
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[bookmark: _Toc10211667]Figure 4 - Benefits of Agile Methodologies [13].

There is the potential for the user requirements to increase or necessitate change during the software development process, this negates the use of a traditional method as they are renown for being increasing difficult to make adaptations to software after the planning stage. This sentiment is shared by Gurpreet Singh Matharu in their study into ‘Agile software development methodologies’ where the Author states “The software industry has shifted from traditional software development models to agile based development in response to ever increasing software complexity and dynamic user requirements. Unlike the traditional models, agile methods are characterized by shorter development cycles, higher customer interaction, incremental delivery, frequent redesign with accommodation of changes necessitated by dynamic user requirements” [13].
The table below illustrates some key differences between the two approaches:
[image: ]
[bookmark: _Toc10211668]Figure 5 - Comparison between Traditional and Agile methodologies [13].
After researching multiple Agile methodologies, Extreme Programming has been recognised as a suitable methodology for this project. Extreme programming is considered a lightweight methodology which enforces iterative software development for the purpose of creating an impeccable standard of software whilst increasing productivity [13].
Figure 6 illustrates the Extreme Programming approach:
[image: ]
[bookmark: _Toc10211669]Figure 6 - Extreme Programming Approach [13].
It can be acknowledged from figure 5, the different stages incorporated in the XP model. Story cards are utilised to delineate the requirements on, the story cards then proceed to be split into small tasks which can be undertaken by the developer. 
Some of the key principles which this methodology adheres to are, requirements on story cards, simplicity, continuous interaction, test-driven development, refactoring and pair programming. This project repudiates the need or does not permit any collaboration on the project, so the pair programming aspect will be declared impassive and will not be included. However, the other concepts of the methodology ensure that the focus is on the user requirements and the deliverance of software which convenes the requirements, it focusses on the rapid deliverance of software with any additional features added on at the end [13]. 
The software is required to be rapidly developed to ensure that questionnaires can be constructed in a timely manner and participants can part-take in them. The project is fundamentally not achievable if the software has not been developed, the principle aim of the project is to access the influence it has on a user which implies it needs to exist to do that. 
[bookmark: _Toc10211694]Conclusion

Extreme programming is the choice of software development methodology, the methodologies’ benefits reflect the Authors intentions with respect to the software development. As previously stated, it is imperative that the software is completed or a significant amount of the data collection methods cannot occur, XP will ensure that the software is delivered efficiently and swiftly so the Author can allow participants to test the software and participate in the questionnaires. 

[bookmark: _Toc10211695]Resources & Planning
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When undertaking any project, it is integral that consideration surrounding the planning and resources required occurs. The following resources have been regarded as being essential to the process of completing the project. 
· Personal computer – A personal computer or works computer is required to install software on which can be used to develop the application, it also provides the Author with a method of accessing any material (online) to assist in the process of developing the application. 
· Unity – Unity has been identified as the software of choice by the Author to construct the application, the research has provided assurance that the software is proficient enough to deliver the application required. 
· Participants – As part of the project, participant’s responses in regards to the software and influence of it is necessary. The participant’s identity will remain anonymous to ensure any data protection laws and ethical issues are adhered to. 
· Smart Phone – A smart is a requisite of the project as it is the intended device for the application to be deployed on, the camera attached will be a vital piece of equipment used when testing the application. 
· Word/Online questionnaire builder – The questionnaires and surveys will be constructed using Microsoft Word or an online resource such as Zoho. This will ensure that they are fashioned efficiently.

[bookmark: _Toc10211697]Gantt Chart

A Gantt chart is used to aid in the process of constructing and adhering to a project schedule, the schedule will include any activities required and dates associated with the activities.
The following Gantt chart depicts the stages of the project (this is subject to change), when the major project is started the tasks will be elaborated to entail enough details about the process. 
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[bookmark: _Toc10211670]Figure 7 - Gantt Timeline.
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[bookmark: _Toc10211671]Figure 8 - Gantt Data.
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The software identified in the resources and planning should be competent enough to complete the project, however this is subject to change if any hardware or software has not been accounted for. 
Using a Gantt chart will help the project develop with clear clarity on what is required of the project, the time constraint is possibly the main threat to the project but hopefully the end goal is achievable. 
A clearer defined Gantt chart will be constructed when the Author being the tasks of developing the application, the design, development and test stages will have a more comprehensive outline of what is required during the stages. 
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