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[bookmark: _Toc513192294]Introduction
The project being created is an A.I. car controller. This project proposal for the A.I. car controller covers the background literature pertaining to A.I. car controllers as well as the various supervised learning algorithms required in the development of the controller. The aims and objectives, what research must be carried out, how the project will be developed, any risks in developing the project, what data will be collected and what resources are needed for this project to be a success are all included in this project proposal.
The purpose for the development of the A.I. car controller is to develop, train and evaluate a learning algorithm. There are three different types of machine learning algorithms, supervised learning, unsupervised learning and reinforcement learning. For this project the learning algorithm being implemented will be a supervised leaning algorithm. There is also online learning and offline learning, in this case offline learning will be used.
The first section of this project proposal will briefly cover the background literature relating to the project’s research area and the aims and objectives of the final project to be achieved. The literature review being produced will cover what a supervised learning algorithm is as well as go into detail on several different supervised learning algorithms, such as naïve bayes algorithm and neural networks.
The second section of this project proposal will go into detail on the research methodology and the development methodology. The research methodology will go over the philosophy, the approach and the three strategies that will be used during the duration of this project. The development methodology is where the chosen development methodology will be discussed in detail and the reasons why that methodology was chosen. This section also contains information on any risks that may be encountered during the development.
The third and final section will inform the reader of the resources required to complete the project and a schedule for how the project will be completed.
[bookmark: _Toc513192295]Industrial Context
The project being carried out will not require an industrial partner, and as such there will be no industrial sector involved either.


[bookmark: _Toc513192296]Background Literature
[bookmark: _Toc513192297]Supervised Learning
Supervised learning is the machine learning task of learning a function that maps an input to an output[1]. There is a multitude of different examples of supervised learning algorithms such as Naïve Bayes, neural networks, decision trees, and many more. This literature review will discuss a few different supervised algorithms that may be used for this project.
[bookmark: _Toc513192298]Naïve Bayes Classifier
Naïve Bayes algorithm is a Bayesian network model in its simplest form, which is considered naïve since it requires the user to assume that the sets of data in the table are completely unrelated from one other[1][2].
Naïve Bayes algorithm takes the data from a table of results, which contain man-made results[3]. The data will contain an action that the human took and variables that may have influenced the choice the human made[4]. The data from the table will then be used by the A.I. to determine what choice a human would make based on the probability calculated from the data[4][5]. 
The Naïve Bayes algorithm uses an equation to determine what action a human would take based on the data[4]. Bayes rule expresses the probability of ‘A’ given ‘B’, see (Figure 1) for Bayes rule. 
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[bookmark: _Ref512784800][bookmark: _Ref512784752][bookmark: _Toc513192321]Figure 1 - Bayes rule [4]
Bayes rule can then be altered slightly, so instead of using 1/P(B), α will be used (Figure 2). In some case using this altered Bayes rule can be easier to use[4].
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[bookmark: _Ref512785095][bookmark: _Toc513192322]Figure 2 - Altered Bayes rule [4]
The problems of using Bayes rule is that is uses the multiplication of small numbers together and with the finite precision of a floating point lose precision and eventually become zero[4]. A solution to this problem is to use the logarithms of the values and add them instead of multiplying them[4].
[bookmark: _Toc513192299]Artificial Neural Networks
Artificial neural networks are information processing paradigms inspired by the biological neural networks that form a brain[6]. An artificial neural network is based on a collection of artificial neurons, these neurons can send signals to one another, which ever neuron receives the signal from another neuron can process it and signal other neurons connected to it. Neural networks are cannot be programmed to perform a specific task[7].
Neural networks have the ability to find meaning in complicated or imprecise data and can use that data to find patterns and detect trends that a human could never detect[7]. Another advantage of using neural networks is, they can learn how to complete tasks by using data given to them for training. Artificial neural networks are capable of creating its own representation of information it receives during the learning process[7].
The disadvantage of using a neural network is that it discovers how to solve the problem by itself, this can cause an unpredictable result.
A neural network diagram consists of three key sections[8]. The first and leftmost section is called the input layer, this is where the neural network will receive the input information. The second middle section is the hidden layers section, the hidden layer’s job is to transform the inputs intro something the output layer can use. The final layer is the output layer, this layer transforms the hidden layer activations into whatever scale the user wanted the output to be on[9][9]. 
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[bookmark: _Toc513192323]Figure 3 - Neural Network[8]
[bookmark: _Toc513192300]Decision Trees
Decision trees are represented as sets of “if and then” rules. Decision trees are fast, simple to understand and easy to implement. An advantage of using decision trees is, they require no translation of knowledge from the format used by the rest of the game. The problems of using decision trees are that any small changes in the inputs might make the action taken because of the inputs look ridiculous[4]. 
A decision tree is made of connected decision points, the tree will have a starting decision to make based on a value input. The starting decision will split into the choices and those choices may lead to further decisions to be made. The tree will continue to be followed until finally there are no further choices to be made in the decision tree and based on the end found on the tree a specific action will be taken which corresponds to the decisions made[4].
[bookmark: _Toc513192301]Linear Regression
Linear regression is a linear approach to modelling a relationship of a scalar dependent variable and another independent variable. A simple form of the equation of the linear regression algorithm is shown as y=c+b*x, where y is the estimated dependent variable score, c is the constant, b is the regression coefficient and x is the score of the independent variable[10].
A use of linear regression is determining the strength of predictors, this is the strength of the effect that the independent variables have on the dependant variable. Forecasting an effect is also a use of linear regression and this is how much a dependant variable will change based on the change in one or more independent variables. The third use of linear regression is trend forecasting, this will be used to find a point estimate[10].
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[bookmark: _Toc513192324]Figure 4 - Linear Regression Graph[11]
[bookmark: _Toc513192302]K-Nearest Neighbours Algorithm
The k-nearest neighbours algorithm (KNN) is one of the simpler classification algorithms and one of the most used learning algorithms[12]. K-nearest neighbours is a non-parametric, lazy learning algorithm[13]. The point of KNN is to use a database in which the data points are split into several classes to predict the classification of a new sample point[12]. The fact that KNN is non-parametric means that is doesn’t make any assumptions on the data distribution, so the model structure will be entirely determined by the data. In the KNN algorithm an object will be classified by a majority vote of its neighbours, with the object being assigned to the class most common among its k neighbours[12][13]. 
An example of KNN classification can be seen in (Figure 5), where the green circle should be classified to the first class of blue squares or to the second class of red triangles. If K should equal 3 then the green circle is assigned to the second class, as there are more red triangles within the circle.
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[bookmark: _Ref513121864][bookmark: _Toc513192325]Figure 5 - Example of a KNN Classification[12]
The positives of using the k-nearest neighbour algorithm are that it’s robust, so it won’t be as affected by noise or irrelevant features as much as other algorithms and it’s very effective if the training data is large[14][12].
The disadvantages of using the k-nearest neighbour algorithm are that it can be computationally expensive as it must store all of the training data and compute the distance of each query instance to all training samples, this also leads to the algorithm having a very high memory requirement[14][12].
[bookmark: _Toc513192303]Support Vector Machines
A support vector Machine is a discriminative classifier defined by a separating hyper-plane. This means that when it’s given labelled training data, the algorithm outputs an optimal hyper-plane which categorizes new examples[15]. When using this algorithm one must plot each data item as a point in n-dimensional space (the n is the number of features there are) with the value of each feature being the value of a coordinate[16]. Then the user performs classification by finding the hyper-plane that differentiates the two classes[16].
A simple way to represent a support vector machine is to get a set of data points that belong to one of two classes, in the case of (Figure 6) red and blue, then represent the boundary between them as a green straight line. This can be referred to as linearly separable[17].
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[bookmark: _Ref513127375][bookmark: _Toc513192326]Figure 6 - Support Vector Machines Linearly Separable Data[17]




[bookmark: _Toc513192304]Aims and Objectives
[bookmark: _Toc513192305]Aim
The aim of this project is to create a race track and then develop, train and evaluate a supervised learning algorithm that will control the A.I. of a car travelling around the created race track. The A.I. will use data from the user’s drive around the track to find patterns in it and using those patterns to copy a real human driving around a track.
[bookmark: _Toc513192306]Objectives
Objective one is to build a 3D race track with realistic car physics in Unity that the user can take control of a car to drive around it in. This will be done using Unity’s wheel collision and script in C# made in visual studio to imitate real car.
Objective two will be to Log control data for the car going around the track, which is controlled by the user, for example the vector directions of the car. This data will later be used by the A.I. to control a car driving around the track.
Objective three is to make use of a supervised learning algorithm, by picking one to use and programming it in C#. The learning algorithm will use the data logged by the user and will be able to control a car and learn from the logged data.
Objective four is to evaluate the supervised learning algorithm used and improve upon it, so that it can successfully drive around the entire track by itself.




[bookmark: _Toc513192307]Methodology Introduction
This section of the project proposal will go through the research methodology, development methodology, risks, and deliverables. 
The research methodology will cover the chosen philosophy to be used for this project, as well as the approach being implemented. The last parts of the research methodology are the three strategies being used and the reliability and validity of the final project using this research methodology. 
The development methodology will introduce the chosen development method being used to develop the final project and give a detailed description of the process of using it.
The risks will go into detail on all known risks involved in completing the proposed project.
The deliverables section will inform the reader of what data will be collected, how that data will be used, and how the success of the project will be determined.
[bookmark: _Toc513192308]Research Methodology
[bookmark: _Toc513192309]Philosophy
The philosophy being used for this project is positivism, positivism recognizes only scientifically verified information or which is capable of logical or mathematical proof. This philosophy is being used because the data being logged from the 3D race track will be quantitative and there will be a large sample of data, the reliability of the data will also be very high.
The advantage of using the positivism approach is that the quantitative data is extremely trustworthy and isn’t influenced by subjectivity. Using positivism makes the research methods used much easier to reproduce.
The disadvantage of using positivism is that a large sample is required to make a generalisation from the results, positivism won’t explain why the user is getting those results either.
To avoid any problems of using positivism, a large sample of data will be gathered from the race track.
[bookmark: _Toc513192310]	Approach
The approach that will be implemented will be the deductive approach since the hypothesis is already based on an existing theory and the project will be testing the hypothesis. This approach allows for a large sample size to allow for generalisation. 
The advantage of the deductive approach is that it offers the possibility to measure concepts quantitatively. This approach can be much more time-saving than and inductive approach as well.
The disadvantage of the deductive approach is that it can be rather limiting as it’s considered a closed logical system.
[bookmark: _Toc513192311]	Strategies
First Strategy
One strategy that will be implemented is the experiment strategy because an experiment will be required to see if the data produced from the A.I. car controller is consistent with the theory.
	Second Strategy
The second strategy that will be implemented is the software development strategy as the project requires the development of software in the form of a race track and car that must travel around the race track. The race track will then be used for testing purposes.
	Third Strategy
The third strategy being used will be the document review to identify the main theories, confirm that the project is practical. This strategy allows comparisons to be made to other research carried out and find out if the data contradicts the previous studies in the field.
[bookmark: _Toc513192312]	Reliability and Validity
This project will be reliable because there will be a large data set gathered from the software developed and all data gathered will be accurate. The data collected will not be subject to human error, unless developed incorrectly. All the data gathered will be quantitative and only used if mathematically correct.
[bookmark: _Toc513192313]Development Methodology
The development methodology chosen for this project is the feature-driven development method. Feature-driven development is a model-driven short-iteration process that consists of five activities, it is a lightweight or agile method for developing software.
· Develop overall model
· The feature-driven development methodology will start with a high-level walkthrough of the scope of the system. Detailed domain models are created for each modelling area and are eventually merged into an overall model.
· Build a feature list
· A list of features grouped into sets and subject areas is created from the initial modelling. The features are expressed as “<action> <result> <object>”.
· Plan by feature
· This section is about constructing an initial schedule and assigning responsibilities. As there will only be one person working on this project this section will only use the construction of an initial schedule as all the responsibilities will be on the sole developer.
· Design by feature
· For each feature a design package is created. This section will refine the overall model, adding more content to it as needed.
· Build by feature
· The final product is developed.
This methodology is an agile methodology and focuses on making all feature take a maximum of two weeks to complete. If a feature requires more than two weeks to complete, then it is further broken down until it reaches the two weeks rule[18].
The feature-driven development method has been chosen because it allows the developer to see with some level of certainty what the projects status is, whether the project is where it should be or not. This development method makes the project manageable by splitting it into more manageable stages. As the features are planned and developed in incremental unity (every two weeks) one by one, it’s extremely easy to handle the quality control of the project[19].
The only problem found with this methodology is that it requires each feature to be completed within a two-week period and if a feature can’t be completed within that time, the development methodology won’t work. To get around this problem all features will be broken down until they all fit within the two-week period.
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[bookmark: _Toc513192327]Figure 7 - Feature-Driven Development Method Life-cycle
[bookmark: _Toc513192314]Risks
There are many possible risks associated with this project that will need to be fixed before and/or during the project development.
One risk is that there may not be enough allowed time to completely build and develop the learning algorithm for the AI, this can be resolved with the use of project planning tools. The project planning tools in this case will most likely be a Gantt chart.
Another risk may be selecting software to develop the AI and race track that isn’t suitable for it. This risk has already been resolved as Unity seems to be a good choice for the development of this project as it contains all the required tools.
The third risk is that the project may not meet all the necessary requirements because of any unrealistic goals. This can be solved by ensuring that all goals chosen are realistic and within the scope of the developer’s skill-set.
The fourth risk is that a piece of hardware being used could malfunction or break. This hardware damage could seriously impact the project, for example if the graphics card within the computer were to malfunction then Unity would become extremely taxing on the system to run. This issue would greatly reduce productivity. The only solution for this problem would be to purchase a new piece of hardware.
The fifth risk is a possible corruption of data, which may render all the work done on the project un-usable. This risk a simple solution of creating several back-ups of the project. The backups will be on a USB, personal computer, as well as a cloud server.
The sixth risk is moving the program from visual studio 2015 to visual studio 2017 and vice versa. From experience running a program created in one version of visual studio in another version, it usually returns an error and stops working. This will easily be resolved by choosing a visual studio version and ensuring that that is the only version used throughout the project.
There are no known ethical issues associated with this project as there is no need for any interaction with people not directly involved in the development of the project. The only lack in resources is that there may at times be no access to computers in the University of Wales Trinity Saint David university building, however this lack of resources should not be an issue due to a personal computer. There are no other known lack of resources and no known legal issues.
[bookmark: _Toc513192315]Analysis and Deliverables
When the project is completed, the expected result is that a fully developed race track will be built in unity that will be capable of logging data as the user drives around the track. An A.I. using a supervised learning algorithm will use the data logged by the user to drive the car around the track by itself.
An A.I. car controller must be created to use a supervised learning algorithm to control a car in the developed race track. This supervised learning algorithm must learn from how the user drives around the track by finding patterns in the user’s inputs based on conditions and to improve upon itself until it can complete the track and continue to develop.

[bookmark: _Toc513192316]Physical Resources
There are several physical resources required for this project. All known physical resources that are required are listed below. 
· PC/Laptop – Used for the development of the project. This will be either a university computer in the computer labs or a person computer.
· Unity – Development software being used for the creation of the project. Currently Unity for personal use is free as long as the company the user of it is associated with is not earning over £100,000 per year, this is the version that will be used for this project during the development stages.
· Visual Studio 2015/17 – Comes with unity and will be used for the programming part of the development. At the moment visual studio 2015 is free and all the necessary components of visual studio 2017 comes with Unity.
· Microsoft Project – For project planning and management, also used for feature-driven development schedule.
· Microsoft Word – For project documentation.
· Books on the subject area – Borrowed from the university and libraries or purchased. This will be one of the main sources of information pertaining to this project.
· Journal on the subject area - Borrowed from the university and libraries or purchased. Similar to the books on the subject area, this too will also be one of the main sources of information for this project. 
[bookmark: _Toc513192317]Human Resources
The human resources required will be this project proposal’s creator Mathew Taylor and the supervisor of this project. No other human resources will be needed as all the data collected will be quantitative data from the software developed, there will be no surveys as the project doesn’t require them and the software doesn’t necessitate any test subjects to use it, besides the project developer.











[bookmark: _Toc513192318]Timeline
A Gantt chart has been created to manage and organise the time for each stage, during the creation of the project (see Figure 6 and Figure 7). The Gantt chart created showcases the estimated time schedule for eight different tasks, as well as what task each task relies on being finished before being started. The Gantt chart also shows the main resource being used for each stage. This created Gantt chart is currently only a rough estimate of the time required for each stage, unexpected issues may arise that alters this time frame, or the time frame may simply be too short for some of the stages as these are only estimates.
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[bookmark: _Ref513111548][bookmark: _Toc513192328]Figure 8 - Gantt chart of Proposed Project
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[bookmark: _Ref513111564][bookmark: _Toc513192329]Figure 9 - Calendar view of Gantt chart
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