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[bookmark: _Toc7609856][bookmark: _GoBack]Abstract
This report covers the research done on many different supervised learning algorithms to be used in an AI car controller, while also showing research done on different ways of implementing an AI car controller in different scenarios. A detailed description on the design and implementation of an AI car controller that makes use of the supervised learning algorithm, Naïve Bayes classifier, is given in this report. The design includes different choices made during development of the AI car controller that influenced the end result.  The implementation of the AI car controller is very detailed and to demonstrate that it works as intended, the same section includes extremely detailed testing that was done throughout the development of the project. Further in the report is a detailed conclusion of the whole project, which also covers how the aim and objectives of the project managed to be met.
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[bookmark: _Toc7609857]Chapter 1 – Introduction
Artificial Intelligence is used in a wide variety of ways in games. The focus of this project is on artificial intelligence in racing games and specifically the development of an AI car that makes use of a supervised learning algorithm to drive around a track in a 3D environment. A supervised learning algorithm is an algorithm that will determine what needs to be done in a situation based on data given by users
In order to meet the aim of developing an AI car that makes use of a supervised learning algorithm to drive around a track in a 3D environment there are objectives that must be met. The first objective is to complete a literature review pertaining to supervised learning algorithms and relevant information with regards to AI cars. The second objective is to create a 3D race track with relatively realistic car physics and to implement a user controlled car into it. The third objective involves allowing the user to log the car’s relevant information to text files as the user drives around the track. Objective four is about implementing the chosen supervised learning algorithm into an AI car controller, which must allow the AI car to accelerate, brake or turn when needed. The fifth and final objective is to evaluate the implemented supervised learning algorithm and improve upon it if needed.
There’s a large number of different supervised learning algorithms that will be discussed in this document, such as Naïve Bayes Classifier, Decision Tree Learning, Artificial Neural Networks, K-Nearest Neighbours, Linear Regression, Support Vector Machines, Logistic Regression, Linear Discriminant Analysis, and Similarity Learning. This as well as other relevant information will be researched in a literature review. Once the literature review has been completed the methodologies behind the research and development of the project will be outlined and explained. This is followed by how the project is to be designed and implemented, this section will also include any testing done during development. The next section of this written report will entail the evaluation where the developed project is compared to the aim and objectives. The final two sections of the report cover the conclusion and recommendations, and the developer’s reflection upon the project.




[bookmark: _Toc7609858]Chapter 2 – Research & Review of Literature
[bookmark: _Toc7609859]Introduction
This literature review will go into all the relevant background reading pertaining to the AI Car Controller project being created that was found. This will include a brief explanation on what a supervised learning algorithm is, and information found on many different forms of supervised learning algorithms, such as Naïve Bayes Classifier, Decision Trees, Artificial Neural Networks and a few more. The literature review will also give the reader a few examples found to demonstrate how some of the algorithms work. Details pertaining to the relevant information in the documentation on Unity’s game engine will be discussed in detail in this literature review. Another topic being discussed in the literature review is documentation on various types of physics engines used in game development, such as the Unity’s default physics engine, Havok’s physics engine and NVidia’s physics engine, PhysX.
[bookmark: _Toc7609860]Supervised Learning Algorithms
Supervised Learning is a form of machine learning that decides on an output based on the given inputs. In Supervised Learning, the learning element or in this case the car, will be given the correct inputs or close to correct inputs for the given situation. Using the inputs given for the situation, in this case the inputs made from the user driving around the track, it will return an answer for what it must do, in this case that could be braking, accelerating or turning[1].
A common problem that using a supervised learning algorithm can make one run into is known as overfitting[1]. As data is recording there is occasionally some recorded data that doesn’t quite fit in with the rest, this is generally referred to as noise. The problem with this noise is that it can in some cases cause the supervised learning algorithm being used to memorize this data and use it when it’s learning from the data. This will in the end lead to the AI being developed using the supervised learning algorithm to act peculiarly to the user by doing things that normally wouldn’t make any sense[2].
In order to solve this overfitting problem a number of methods can be implemented, such as regularization methods, minimum description length methods, and general cross-validation[2].


[bookmark: _Toc7609861]Naïve Bayes Classifier
The Naïve Bayes Classifier is a classification technique based on Bayes’ Theorem where the predictors have an independence, this supervised learning algorithm is generally considered to be simple to implement and provides a good baseline for any other more complicated techniques[3][4].
 In this supervised learning algorithm, the presence of particular features in a class is considered unrelated to the presence of all the other features [3].  If there are multiple factors to take into consideration, like the size, colour or shape of an object, whether these features are dependent on each other or not, all of these features independently contribute to the chance that the object is what it is[4][5].
Naïve Bayes Classifier is generally considered to be easy to build and extremely useful when dealing with large sets of data. This algorithm has a unique way of calculating the probability that something would occur based on a number of variables. The equations below are said way of calculating the probability of something occurring. The ‘P(A|B)’ is known as the posterior probability of class given predictor, where ‘A’ is the target and ‘B’ is the attribute or attributes. ‘P(A)’ is the prior probability of class, ‘P(B|A)’ is the chance, which is the probability of predictor given class and ‘P(B)’ is the prior probability of predictor[3][4][5]. 
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[bookmark: _Toc7609934][bookmark: _Ref7512650]Figure 1- Bayes Rule[3]
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[bookmark: _Toc7609935]Figure 2 - Altered Bayes Rule[3]
Figure 1 shows the equation known as Bayes Rule, which expresses the probability of ‘A’ given ‘B’[3]. This equation can be altered by replacing ‘1/P(B)’ with ‘α’, giving use the equation in figure 2. This equation can become easier to use than the original in some case[5]. The multiplication rule that states P(A,B) = P(A).P(B|A) is able to be extended to include several different variables, which gives figure 3[3][6][7].
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[bookmark: _Toc7609936]Figure 3 - Bayes rule before chain of probability applied[7]
In the equation in figure 3 the right side of the equation is the numerator of Bayes rule and if the chain rule of probability is applied after looking at the left side of the multiplication rule it gives figure 4[7].
The chain rule of probability gives the user a useful way to calculate the joint probability of an entire collection[7].
[image: ]
[bookmark: _Toc7609937]Figure 4 - Bayes rule after chain of probability applied[7]
In the next step the assumption of conditional independence between B1, B2, …, Bn is applied giving figure 5[7].
[image: ]
[bookmark: _Toc7609938]Figure 5 - Conditional Independence is Applied[7]
Seeing as how Bn isn’t dependant on B1, B2, ... or Bn-1, the equation in figure 6 is created[7].
[image: ]
[bookmark: _Toc7609939]Figure 6 - Equation created due to independence[7]
This can be repeated for all terms to get the equation in figure 7[7].
[image: ]
[bookmark: _Toc7609940]Figure 7 - Independence applied throughout equation[7]
If the result is substituted back into Bayes rule, this will finally give the true Naïve Bayes equation in figure 8[7].
[image: ]
[bookmark: _Toc7609941]Figure 8 - True Naive Bayes Equation[7]
Finally the denominator term can be replaced with the equivalent summation making the equation into the equation in figure 9[7].
[image: ]
[bookmark: _Toc7609942]Figure 9 - Equation after the denominator is replaced with equivalent summation[7]
The best way to some up Naïve Bayes Classifier is to take the relevant data, as an example that pertains to the AI car controller, we can use whether the car should brake or not. One way to achieve this would be to take the values for the distance of the car from the next corner on the race track and the current speed of the car. We will then simplify the values so instead of the distance in metres, it changes to either ‘near’ or ‘far’ and instead of the speed in m/s it will be either ‘slow’ or ‘fast’. The user will also have to give the information on whether or not the car should brake depending on the variables. Finally, we use this data in the equations shown in figures 1 and 2, until we end up with the final answer, known as the prior[3].
There are of course a few draw backs to using the Naïve Bayes Classifier for the supervised learning algorithm, such as the fact that the patterns in the data must be made as obvious as possible, otherwise the supervised learning algorithm will need much more time and data to look through that it becomes essentially impractical. Another problem of using Naïve Bayes Classifier is that since it uses multiplication of a lot of small numbers, it may end up eventually returning a value of zero due to the finite precision of a floating-point value[3].
There are a few different applications of the Naïve Bayes supervised learning algorithm, such as real time prediction, as Naïve Bayes algorithm can be relatively fast, Multi class prediction, Recommendation systems, and text classification[4].
Example
This simple example will be determining whether or not game will be player based on the current weather. First the data will need to be converted into a frequency table and then a likelihood table will be required by discovering the probabilities, such as the overcast probability of 0.29 and the playing probability of 0.64 shown in figures 10[4].
[image: Bayes_4]
[bookmark: _Toc7609943]Figure 10 - Initial data table, frequency data table created from the initial data table, and the likelihood table[4]
The next step in the Naïve Bayes algorithm is to use the naïve Bayesian equation in order to find the posterior probability for the classes. Whichever class ends up with higher posterior probability is the final outcome of prediction[4].
If the happens to be sunny, then the calculations must be done in order to discover the chances of the players playing the game that day[4].
First the equation will have to be filled out, which gives the below equation[4].
P(Yes|Sunny) = (P(Sunny|Yes)*P(Yes))/P(Sunny)
Next the values to input must be determines[4].
P(Sunny|Yes) = 0.33, while P(Sunny) = 0.36, and P(Yes) = 0.64
Now those values that have been calculated must be placed into the equation shown before which gives us the below[4].
P(Yes|Sunny) = (0.33*0.64)/0.36 = 0.60
The posterior probability calculated is 0.6, which means that there would be a 60% probability of the game being played based on the given data in the tables. As the probability is above 50%, it is assumed that the game will be played[4].




[bookmark: _Toc7609862]Decision Tree Learning
A Decision tree is a series of decisions, essentially a series of ‘IF’ statements that will eventually generate an action based on the observations made by the machine[3]. Decision tree learning is a divide and conquer method, where the problem that must be solved is separated into many smaller decisions that when completed will complete the entire task[1].
An example of a decision tree taken from I. Millington’s Artificial Intelligence for Games can be seen below as figure 11. This tree is covering the actions an AI character would make in game. This decision tree contains four decisions or ‘IF’ statements and five actions that the AI character may take depending on the answer to those decisions[3].
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[bookmark: _Toc7609944]Figure 11 - A decision tree example using enemy AI actions[5]
Decision Tree Learning is considered to be fast and simple to understand, as well as easy to implement. The benefits of using decision trees are that they need no knowledge to be translated from the format used by the rest of the game. A decision tree consists of a node, which test for the value of a certain attribute, edges that correspond to the outcome of a test and connect a node to another node or leaf and leaves, these are terminal nodes that predict the outcome[3].
There are multiple different types of decision tree learning algorithms that are used for classification, statistical analysis and prediction[3].
[bookmark: _Toc7609863]Artificial Neural Networks
Artificial neural networks are information paradigms that process information inspired by the human brains biological neural networks[8]. An artificial neural network has changes of activation values of units and connection weights between units that are controlled by equations describing the activation and synaptic dynamics, respectively[9]. Artificial neural networks are collections artificial neurons that are capable of communicating with one another. When one artificial neuron receives a signal from another artificial neuron, it is capable of processing the signal and communicate the signal to other artificial neurons that happen to be connected to it[10].
An advantage of artificial neural networks is that they are capable of discovering the meaning of complex or imprecise data and using said data to discover any possible patterns and detect any trends that a human in real life may never detect. Artificial neural networks are also able to learn how to complete a specific task by taking in data given to them by the user for training[10]. Another advantage of using the artificial neural networks learning algorithm is that it is able to create its own interpretation of any information it may receive during the training process[10].
A diagram of a neural network is made of three distinct sections as shown in figure 12[11]. The input layer is where all the input data will be received for the neural network. The hidden layer is responsible for the act of transforming the input information received in the input layer into something the output layer is capable of making use of. The output layer’s responsibility is to transform the hidden layer’s activations into a scale that the user wanted to the output to be on[11][12].
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[bookmark: _Toc7609945]Figure 12 - Neural Network[11]

[bookmark: _Toc7609864]K-Nearest Neighbours Algorithm
K-nearest neighbour’s algorithm is a non-parametric, lazy learning algorithm. In the k-nearest neighbour’s algorithm each characteristic in the training set will be considered as different dimensions in space, then the user will take a value of an observation that it has for a specific characteristic to be its coordinate in that dimensional space, this is done for several values. It can then be inferred that the distance between the points in the space corresponds with the level of similarity that the points have. The way that the k-nearest neighbours algorithm comes to a conclusion on which of the points from the training set are similar enough to be considered when it needs to choose the class to predict for a new observation is to choose the k closest data points to the new observation, and then it will take the most common class amongst them[13].
To perform the algorithm successfully, a positive integer known as ‘k’ must be specified along with a new sample. The second step of the K-nearest neighbour’s algorithm is to select the ‘k’ entries in the database given which happen to be closest to the new sample. The third step involved when using the k-nearest neighbour’s algorithm is to find the common most classification of these entries. The fourth and final step in performing the k-nearest neighbour’s algorithm is to give the new sample a classification[13].
Example
The first step in the example would be to set it up as shown in figure 13 with 3 red circle points, 3 green square points, and a blue star point. The intended plan is to find out the class of the blue star point. The blue star has the possibility of being either a red circle or a green square[14].
[image: scenario1]
[bookmark: _Toc7609946]Figure 13 - KNN Example 1[14]
The ‘k’ in the k-nearest neighbour’s algorithm is closest neighbours to the blue star that the user must take a vote from. In this example ‘k’ will be three, this means that a circle will be drawn around the blue star, large enough to encircle exactly three data points present (figure 14). After circling the blue star, all three of the points closest to it are red circles. Therefore, one can say that the blue star must belong to the red circle class[14].
[image: scenario2]
[bookmark: _Toc7609947]Figure 14 - KNN example 2[14]
[bookmark: _Toc7609865]Linear Regression
The linear regression form of supervised learning is as the name suggests a linear approach to modelling the relationship between a scalar dependent variable and another scalar independent variable. The known equation of the linear regression supervised learning algorithm is ‘Y = C + B * X’. The equation for the linear regression algorithm can be broken down into four parts, ‘Y’ being the final output and the estimated dependent variable score, ‘C’ is the constant variable, ‘B’ is going to be the regression coefficient and ‘X’ is the independent variables score[15][16].
The use of linear regression is to determine the strength of predictors[16]. The strength of predictors is the strength of the effect that an independent variable has on a dependent variable. Another use of linear regression is to forecast an effect. The effect is how much a dependent variable will be altered based on the alteration of one or more independent variables. The final use of linear regression is to forecast a trend, this can be used to find a point estimate[15].
Figure 15 demonstrate an example of a linear regression graph. In this linear regression graph it can be seen that ‘Y’ changes depending on the change in ‘X’. Due to this there is a clutter of points on the graph that can be seen to travel in a linear direction[17].
 [image: ]
[bookmark: _Toc7609948]Figure 15 - Linear Regression Example[17]
Now that a graph (figure 15) has been created, the values of the constant ‘C’ and the regression coefficient ‘B’ must be found. First a line of best fit must be drawn onto the graph as shown in figure 15, next the gradient of the line must be found by calculating ‘dY / dX’. ‘dY’ is the difference in ‘Y’ and ‘dX’ is the difference in ‘X’. When the gradient of the line is found then the value of ‘B’ is also found, as they are one in the same. Now to find ‘C’ we can grab a random point plotted on the graph and rearrange the equation to give ‘C = Y + B * X’ and putting in all the known values for that point in the graph will give the value of ‘C’ for every point as ‘C’ is a constant[17].
[bookmark: _Toc7609866]Support Vector Machines
Support vector machines are discriminative classifiers that are defined by separating hyper-planes. What this means is that when the support vector machine is given labelled training data, the algorithm will be able to output an optimal hyper-plane which will be capable of categorizing new examples[18]. Whist the user is making use of the support vector machine, the user must plot each data item as a point in n-dimensional space, ‘n’ in this case being the number of features present, with the value of the individual features being the value of a coordinate[19]. Finally the user will perform the classification by discovering the hyper-plane that differentiates the two classes[19].
An easy way to demonstrate a support vector machine is to grab a set of data points that are part of two classes, this is shown in figure 16, and the two classes in this case are red and blue. The boundary between them is represented as a green straight line. This is referred to as being linearly separable[19].
[image: ]
[bookmark: _Toc7609949]Figure 16 - Support Vector Machines Linearly Separable Data[19]


[bookmark: _Toc7609867]Logistic Regression
Logistic Regression is the appropriate regression analysis to use when the dependent variable involved in the supervised learning is dichotomous, which means that it is binary, a yes or no. Similar to other regression analyses, this method is a predictive analysis, which is the reason it can be used to determine the action a human might take based on a set of variables. Logistic regression is always used to describe data and explain relationships between a dependent variable and one or more independent variables, whether those variables are nominal, ordinal, interval or ratio-level[20].
In logistic regression, like other supervised learning algorithms the dependent variable must be either a yes or a no (e.g.  brake vs. don’t brake). In logistic regression there should never be any outliers in the used data given by the user. This can be assessed by converting the predictors to standardized scored and getting rid of any and all values not in the range of -3.29 and 3.29. A correlation matrix can be used to asses that there are no high correlations among the predictors[20].
Toward the centre of doing the logistic regression analysis the task that estimates the log odds of an event can be found. Logistic regression estimates a multi-linear regression function, which can be seen in figure 17[20].
[image: ]
[bookmark: _Toc7609950]Figure 17 - Logistic Regression Function[20]





[bookmark: _Toc7609868]Linear Discriminant Analysis
Discriminant analysis is the study of methods of classification through the use of a discriminator, or scalar function of measurements for the individual when it refers to a two-population case. A linear discriminator contains a linear function of an individual[21].
The first step toward using the linear discriminant analysis method is to calculate the d-dimensional mean vectors for each of the different classes from the given dataset[22].
The second part of this method is to calculate the scatter matrices and then calculate the eigenvectors (Non-zero vector that changes by only scalar factor when that linear transformation is applied to it), and all the corresponding eigenvalues for the scatter matrices[22].
The next step in the linear discriminant analysis method is to sort the eigenvectors by the corresponding eigenvalues in a decreasing order and then choose a ‘k’ number of eigenvectors with the biggest eigenvalues from data set to create a ‘d x k’ dimensional matrix, known as ‘W’. In this dimensional matrix all the columns shown will be there to represent an eigenvector[22].
The final part of completing the linear discriminant analysis method is to use the ‘d x k’ eigenvector matrix mentioned in the last step in order to transform the samples onto the new subspace. A matrix multiplication given as: ‘Y = X x W’ is used to summarise this, where ‘Y’ is the transformed ‘n x k’ dimensional samples in the new subspace, ‘X’ is an ‘n x d-dimensional matrix’ representing the ‘n’ samples and ‘W’ is the ‘d x k’ dimensional matrix mentioned in the previous step[22].
In R. H. Riffenburgh’s “Linear Discriminant Analysis”, the linear discriminator in figure 18 is of the form figure 19[21].
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[bookmark: _Toc7609951]Figure 18 - Linear Discriminant Analysis Equation[21]
In the equation shown in figure 19, the ‘a’ used throughout the equation is a constant, while the ‘x’ used is the measurement on an individual that has yet to be classified. When using matrix notation, when ‘A’ is a row vector of all the ‘a’s being used, X will then be the corresponding row vector of the ‘x’s used in the equation, and primes symbolise transposition, which gives figure 20[21].
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[bookmark: _Toc7609952]Figure 19 - Measurements of the individual are used as arguments for the discriminator[21]
Then the measurements of the individual are used as arguments for the discriminator, which is the left side of the equation in figure 20. The individual is then classified according to whether the value of the discriminator is greater than or less than a fixed number, like 0[21]. 
[bookmark: _Toc7609869]Similarity Learning
When looking at images of the same object subtle differences between the images can be indicated easily by a human, the human brain is also able to see an object in multiple images at multiple angles and in different light and still be able to determine that the objects in the images are in fact the same objects[23]. Similarity learning attempts to replicate the way that humans can determine the similarity of images[24]. 
Similarity learning is the process of determining a function d(a,b), this is used to discover the most optimal relation between two different data items known as ‘a’ and ‘b’ in a quantitative way[24][25].











[bookmark: _Toc7609870]Unity
Unity is a multi-platform game development engine which is capable of developing applications in Windows, Mac OS and to an extent Linux[26][27]. Unity supports development of games for a total of twenty-seven different platforms, which can all be seen below in figure 18 taken from Unity’s own website[28].
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[bookmark: _Toc7609953]Figure 20 - Unity's Supported Platforms[28]
Unity contains a large range of features for use in developing games. Unity contains an all-in-one editor, which is usable on Windows, Mac and Linux. The all-in-one editor contains a range of artist-friendly tools to assist in creating and designing an immersive game world and experience, it also includes a number of developer tools that allow the user to implement game logic and high-performance gameplay. Unity is capable of supporting the development of both 2D and 3D games, as well as any functionality needed across a range of genres. Unity contains AI pathfinding tools, such as a navigation system, to make NPC character move around the created world. Another component of Unity is the built-in UI system, which allows the user to develop an interface for the users of the game fast and easily. The final two components of Unity are the physics engine, which is covered in great detail further down in this literature review and custom tools. The custom tools gives the user the ability to extend the editor with any tools that the user or team working on the project may require[29].
Unity supports the use of visual studio community scripting software for any and all scripts created through Unity. The scripting languages used in Unity are C#, Unity Script which is also known as JavaScript for Unity and Boo which is going to have its support dropped of the Unity 5.0 release[30].

[bookmark: _Toc7609871]Physics Engines
Physics engines are a common piece of code that understands how physics work in general but isn’t programmed for a specific game’s scenario and can be used in many different games[31][32]. The physics engine will handle any and all physics calculations required in the game world, such as a block being pushed, a car moving or a player character walking around. 
A physics engine generally has three main tasks to perform, one of the three tasks being the collision detections, this means that the physics engine must be able to track the movements of any and all objects in the scene as well as check if any of those object happened to collide[31][33].
The second main task that a physics engine must complete is a task called the update system task, which will determine the appropriate responses that the object would have after colliding with one another. This is achieved by simply resolving the collision according to all the objects that took part in the collision’s properties and for any of the other objects that aren’t involved in the collision occurring, they will be updated according to any forces that are currently acting on them[33].
The third and final main task that a physics engine will perform is handling the interface and display of the game. As soon as all the new positions of all of the object in the scene are determined they will most likely need to be displayed to the user, so the physics engine will report all of the updates that occurred to the 3D display system[33].








[bookmark: _Toc7609872]Game Physics
Physics in games refers to the laws that govern how objects move under the forces of gravity and other forces. These physics are used in game to give objects the feel of being solid things, with mass, inertia, bounce, and buoyancy. Physics in games were introduced in some of the first games ever made, in the form of how particles move in the form of fireworks, ballistics of bullets, sparks, explosions, and smoke. Physics simulations have been used in both air and ground vehicles for years now, getting more and more advanced and realistic. As game physics became more and more advanced, it eventually started to be capable of moving or stacking blocks, walls that could be destroyed and crumble. This was when rigid body physics was introduced and eventually improved upon to include softer objects like ropes or cloth and now ragdoll physics, giving humanoid skeletons the capability to realistically fall[32].
Unity
Unity is a game engine with two separate physics engines built into it, one for 2D physics and one for 3D physics. Unity’s built in physics engine gives the user access to components that are capable of handling physics simulations for them relatively realistically.
· Supports rigid body physics. Dynamics.
· Allows the user to give an object the dynamics of a vehicle, a machine, or a piece of cloth.
· Character controllers and vehicle controllers.
· Supports colliders to be attached to objects, such as box, capsule, mesh, sphere, wheel, and terrain colliders.
· Supports colliders to be attached to objects, such as box, capsule, mesh, sphere, wheel, and terrain colliders.
· Physics debug visualisation, which allows the user to quickly inspect the collider geometry in the scene.





PhysX
PhysX is a multi-threaded physics simulation SDK owned by NVidia[31][34].
· Supports rigid body dynamics.
· Soft body dynamics.
· Ragdolls.
· Character Controllers.
· Vehicle dynamics.
· Particles.
· Volumetric fluid simulation.
· Cloth Simulation (Tearing and pressurized cloth).

Bullet
Bullet is a physics engine, which like the other physics engines listed here, simulates collision detection, soft and rigid body dynamics.
· Use of discrete and continuous collision detection in rigid body and soft body simulations.
· Collision shapes, such as the sphere, cone, box, cylinder, convex hull using GJK, non-convex and triangle mesh.
· Supports soft body physics in any deformable objects, like rope.
· A set of rigid body and soft body constraints with constraint limits and motors.
Havok
The Havok physics engine was developed for the sole purpose of handling the physics in video games. Havok allows for real-time collision and dynamics of rigid bodies in three dimensions[33].
· Allows for real-time collision and dynamics of rigid bodies in three dimensions.
· Provides several different types of dynamic constraints between rigid bodies for ragdoll physics.
· Havok makes use of dynamical simulation for more realistic world in video games.
[bookmark: _Toc7609873]Unity Default Physics Engine
In order to ensure that all necessary physical behaviours occur throughout the development of the project and appear convincing, the in-game object must be able to accelerate, like one would expect an object in real life to accelerate. Game objects must be affected by collisions, gravity, friction and other relevant forces that would occur in the real world. The built-in physics engine in Unity contains all the necessary components needed for physical simulations, such as the driving of a vehicle[35].
Rigid bodies
A key component in the Unity physics engine is the rigid body, this is what enables the physical behaviour of objects in the game. Should an object be given a rigid body, then said object will instantly respond to the gravity physics with in the physics engine. This rigid body will also all the object to interact with other objects that also have rigid body attached to them. This rigid body is able to receive forces and torque, this allows the object to move in a seemingly realistic way[35].
In unity there are two ways to move an object in the generated game world, these are to either use the rigid body component or use the Transform component. While rigid body can receive forces and torque, Transforms cannot, they can only be translated or rotated. This means that if one wants to see realistic movement that they would expect to see in real life then they would need to use the rigid body for any movement of the game object[35].

Colliders
Another key component used in the Unity physics engine are colliders. Colliders must be added to along with the rigid body component for a collision of that object with another object in the game world to occur. Should two objects collide with one another, but only one of the object has a collider, then the physics engine will not calculate a collision and the objects will simply pass through each other[35].



Wheel Colliders
A wheel collider is a special collider in Unity’s physics engine specifically designed for grounded vehicles with wheels. Like all other colliders this wheel collider has collision detection built into it, as well as wheel physics that one would expect to see in real life and a slip based tire friction model[35].
The collision of the wheel collider is performed by using ray casting from the centre of the wheel in the objects local space downwards through the local Y-axis. The vehicle using the wheels is controlled from scripting using the properties motor torque, brake torque and the steer angle. The friction of the wheel colliders is done separately from the physics engine, and uses a slip-based friction model[35].
[image: ]
[bookmark: _Toc7609954]Figure 21 - Shape of a Wheel Friction Curve[35]
Tire friction is another variable that must be taken into account when considering wheel colliders, no matter where the car wants to go, it must first be determined how much the tire is slipping based on the speed difference of said tire and the road on which the car is currently driving. After the slip value is determined, it is then used to discover the tire force exerted on the contact point between the wheel and the road[35].
Figure 19 shows what is known as a wheel friction curve. This curve takes a measure of the tire slip of the wheel as an input and gives the force output by the wheel as the output. The first section of the graph showed in figure 19 goes from (0, 0) to (ExtremumSlip, ExtremumValue), this is the point in which the graphs tangent has become zero (the highest point of the curve where there is no longer any increase or decrease). The second and final section of the curve goes from the end of the last section, the (ExtremumSlip, ExtremumValue) to the (AsymptoteSlip, AsymptoteValue), where the graphs tangent once again becomes zero after having decrease. When it comes to real tires, when there is little to no slip, the wheel will exert a high force, when there is a higher amount of slip between the wheel and the road, the wheel exerts a much weaker force[35].
Terrain Colliders
The terrain collider is a collision surface with the exact same shape and size as the terrain object is happens to be attached to. This terrain collider has three properties, the ‘Material’, which is a reference to the physical material that decides how the terrain collider interacts with any other colliders that come into contact with it, the ‘Terrain Data’, which stores any necessary information that the terrain collider may require, such as the size of the terrain, and the ‘Enable Tree Colliders’ option, this does exactly as it says and enables tree colliders[35].
Box Colliders
The box collider is the most basic collider available, and is cub-shaped. The box collider has four properties, the ‘Is Trigger’ property, if enabled will make this collider be used for any triggering events and will be ignored by the physics engine. The ‘Material’ property, just like the ‘Material’ property mentioned in the terrain collider is a reference to the physics material that determines how this collider interacts with other colliders. The ‘Center’ property is the position of the collider in the object local space and the ‘Size’ property is the actual size of the collider in the x, y, z directions[35].
Mesh Colliders
The mesh collider is a collider built based off of a mesh asset. The mesh collider is one of the more accurate collision detection methods for complicated meshes when comparing it to using primitives[35].



[bookmark: _Toc7609874]AI Car Techniques
[bookmark: _Toc7609875]Waypoints
Using waypoints in racing games has been used by many racing games in the past due to its effectiveness and simplicity to implement. These waypoints could be used in a number of way, the first way to use these waypoints is to determine where the AI car will be travelling. This means that as the car is travelling along the track, the car will turn toward the next waypoint if needed using a number of vector calculations to find the amount of steering the car must undergo in the game world in order to enter the next waypoint[36]. 
However, if the AI car will be using user input data to drive around the track, then these waypoints placed in the 3d environment can be the points in which the users data is recorded, such as the current acceleration, steering angle, direction of travel, the current position of the car, and whether or not the user is braking. After all the data is recorded, the AI could then read all this data as it travels through each waypoint, adjusting all these variables as needed to correctly drive as the user did[36].
[bookmark: _Toc7609876]Artificial Environment Perception
Another method to making an AI car drive around a track is to use the artificial environment perception method. This method involves attaching a trigger detection mechanism to the car that is larger than the actual car. This is a very commonly used method in video games[36].
The trigger detection implemented would act as a sort of collision detection and when another object comes into contact with it in the game world, the trigger detection will quickly check what the object is and tell the car about it. What this does is allow the AI in the car to use the data given by the trigger detection to adjust its current driving course in order to avoid hitting the object, this would work whether the object was another car, an obstacle, or even a wall[36]. While this method can detect any object getting close to the car it can be altered to only look for one object, such as the player’s car in a racing game[36].
[bookmark: _Toc7609877]Real World Examples of AI Cars
In 2016 a paper was published outlining how a team that’s part of NVIDEA worked on a self-driving car using convolutional neural networks (CNN). CNN’s allow features to be learned by the AI automatically from training examples provided by the developer[37]. This demonstrates that there are indeed real world examples of AI cars meaning that this project is extremely relevant.
[bookmark: _Toc7609878]Conclusion
There are countless examples of cars that make use of Artificial Intelligence to drive it around and many different options when it comes to implementing algorithms to determine the movement of the car. Among the many algorithms are the possible supervised learning algorithms discussed in this literature review, they are all possible options for implementing AI into the car controller. Similar to the supervised learning algorithms, there were several different options found when it comes to the physics engine to be used for the project, such PhysX, Havok, Bullet, and others as well as a few options for the development tool to be used for the project such as Unity or Unreal Engine. While completing the literature review it was found that supervised learning algorithms weren’t used for only cars in racing games, but also in real life self-driving cars.















[bookmark: _Toc7609879]Chapter 3 – Research & Development Methodology
There are many different methodologies when it comes to choosing how to perform research and there are a multitude of different development methodologies to choose from. The research and development methodology section will outline the research methodology used, which includes the chosen philosophy, the approach, and the strategies as well as the chosen development method and the reasons behind these choices. At the end of this section a list of the key features identified for the developed project will be identified for the development methodology.
[bookmark: _Toc7609880]Research Methodology
[bookmark: _Toc7609881]Philosophy
Positivism was the philosophy being used for this project, which only recognises scientifically verified information that is capable of being proven using logical or mathematical methods. The reason for this method being used is due to the data being logged by the user and being read by the AI being quantitative in nature and the end result of the data in the calculations to be used can be proven to be correct by doing the calculations by hand.
The main advantage of positivism is that the required data type, quantitative data is extremely trustworthy due to it not be influence by subjectivity like qualitative data is.
The big disadvantage to the positivism method is that a very large sample size is required in order to ensure that a generalisation from the results can be made and the reason for the user getting these results will not be explained using this method.
To reduce issues that may arise when using positivism, a large sample of data was gathered.



[bookmark: _Toc7609882]		Approach
The approach determined to be the best choice for a project like this was the deductive approach due to the hypothesis having been based on an existing theory. This approach also aligns well with the philosophy chosen as it allows for a very large sample size for generalisation.
There are two known advantages of this approach, one being that the deductive approach offers the chance to measure concepts quantitatively and the other being that the approach is considered to be more time-saving than an inductive approach.
The down side to using the deductive approach is that it can be rather limiting due to it being a closed logical system, which assumes anything that is unknown is false. 
[bookmark: _Toc7609883]		Strategies
		Strategy One
The first strategy used was the software development strategy due to the project having required the development of software in the form of the AI car controller in Unity.
		Strategy Two
The second strategy used was the document review strategy to identify the main theories behind the project and determine if the project is practical. The document review strategy allows one to compare the results attained with results from other’s previous research and determine if there is any contradictions.
		Strategy Three
The third strategy used was the case study strategy due to reports from any past studies needing to be researched thoroughly. This allows the validity of the methods being used to be determined. 



[bookmark: _Toc7609884]	Development Methodology
Feature-driven development was the chosen development method for this project. This chosen method is a lightweight or agile method for developing software that’s known as a model-driven short iteration process, which has five activities that define it as shown below.
[bookmark: _Toc7609885]		Develop Overall Model
The first stage of the feature-driven development method, the develop overall model stage is where a high-level walkthrough of the scope of the system is carried out and detailed domain models for each area created and eventually merged into one overall model.
[bookmark: _Toc7609886]		Build a Feature List
The second stage of the feature-driven development method, the build a feature list stage is where a list of key features for the project are grouped into sets and subject areas are created from the initial modelling. The created features should be expressed as an action, result and object.
[bookmark: _Toc7609887]		Plan by Feature
The third stage of the feature-driven development method, the plan by feature stage is where the initial schedule is constructed and responsibilities are assigned. The initial schedule was made, however the responsibilities were not required to be assigned as there was only one person working on the project, so all responsibilities were on them automatically.
[bookmark: _Toc7609888]		Design by Feature
The fourth stage of the feature-driven development method, the design by feature stage is where a design package is created for each feature listed in previous stages. This stage will handle refining the overall model and adding more content as necessary.
[bookmark: _Toc7609889]		Build by Feature
The fifth stage of the feature-driven development method, the build by feature stage is where the final product is developed using the models and features created in previous stages.
The feature-driven development method uses a time constraint strategy of two weeks. It attempts to make all features take a maximum of two weeks to complete. Should a feature require more than two weeks to be completed, it is further broken down to the point that it meets the two weeks’ requirement.[38]
The main intention behind using the feature-driven development method is that it allows the developer or developers to view with some level of certainty what the status of the project being developed currently is. This is so that if the project isn’t where it should be then the developer can attempt to do something about it to rectify the problem. As mentioned previously the project will be split into features which can only take up to a maximum of two weeks to complete, this allows the project to be much more manageable for the developer and easier to handle the quality control of the project.[39]
A disadvantage to the feature-driven methodology is the two-week time schedule mentioned before. While the time schedule does help manage the project and make handling the quality control of the project easier, it does mean that should a feature not fit within the two-week time schedule then the method won’t work. The solution to this is to do what was previously mentioned, break up the feature until it fits the schedule.
[image: ]
[bookmark: _Toc7609955]Figure 22 - Feature-Driven Development Method Life-cycle[40]


[bookmark: _Toc7609890]Requirements
			Required Software
The first required piece of software is Unity, this is where the project was developed. The reasoning behind using Unity was mostly due to familiarity with it, but also its accessibility due to it being free for personal use as long as no money is being made. Unity is also relatively simple to use. Another requirement involves the version of Unity, the version of Unity must be either the same version as the project, which at this time is Unity 2018.3.14f1. If a lower version of Unity is used then occasionally several game object can be missing.
The second required piece of software is visual studio, this can be either the 2015 or 2017 version. Visual studio is where all the scripts being used in the Unity project are made. The reasoning behind using visual studio was due to it being compatible with Unity since it can use the C# scripting language.
The reasoning behind using the C# scripting language was due to familiarity and it being compatible with Unity project.
			Required Hardware
			A computer capable of running a simple Unity project with ease.
	





[bookmark: _Toc7609891]	Feature List
This is the list of features that were found to be necessary for a complete working project, the features in the list are included whether they were fully implemented or not, this will also discuss what each feature entails.
1. Building a Unity project
This involved making the project in Unity and adding all the necessary assets required for making the AI car controller except for scripts as theses would be added as the development continues.
2. User controlled car
This revolves around implementing a car into the scene with a script that allows for a user to control it.
3. The Race track
This feature is all about creating the racetrack that the car will be driven around.
4. Logging the user driving data
This is where the development of the scripts that allow for the recording of all the required information from the car for Naïve Bayes takes place.
5. Waypoints
This feature outlines the creation of the waypoint system, where a number of waypoints are placed on every corner of the track.
6. Reading the logged data
The data that had been logged in feature 4 needs to be read back in for the AI script to use it.
7. Naïve Bayes – braking
This feature involves the development of the first iteration of Naïve Bayes and uses it to determine the probabilities of the AI car braking depending on key variables. This makes use of the data logged in feature 4.
8. AI car controller
This feature is all about allowing the car to move on its own, at this stage that involves accelerating and braking using feature 7. The user is required to steer around the corners at this stage.
9. End of corners
A new game object is creating and placed at the end of every corner to assist the AI with accelerating when leaving a corner.
10. Naïve Bayes – Turning
This feature involves the development of the second iteration of Naïve Bayes and uses it to determine the probabilities of the AI car turning depending on key variables. This makes use of the data logged in feature 4.
11. AI car controller updated for turning
This is the moment that the AI car controller is altered so the user can no longer control the turning of the car. Now the AI will make use of the probabilities in feature 10 to complete its own turning. (At this stage the AI car is not expected to be able to go around the corner fully or smoothly, it’s just expected to turn).
12. Naïve Bayes – Turning Amount
This feature is about implementing Naïve Bayes to determine the probabilities of the AI car turning a small amount, a medium amount or a large amount depending on key variables. This makes use of the data logged in feature 4 and some of the data calculated in feature 10.
13. AI car controller updated for turning amounts
This feature covers altering the AI car controller script so it can make use of the probabilities calculated in feature 12.
14. Improve the AI driving
This is where the waypoints and the scripts are altered in such a way that the AI is able to drive around the corners much more smoothly.
15. End of Corners update
This feature is about altering feature 9 so it deals not only with accelerating, but also with the turning of the car.
16. User Interface
Used mostly for testing and output only the current speed of the car and the number of laps the car has completed.



[bookmark: _Toc7609892]Chapter 4 – Design & Implementation
There were many features to implement into the AI car controller, each feature had different ways to design and implement them. This section will cover the different design choices behind each feature developed, such as the race track, main menu, data logger, and the car movements. This section will also cover how the many features of the AI car controller were implemented and the in depth testing of each feature.
[bookmark: _Toc7609893]Race Track
The design of the race track was chosen because it was felt that it would be adequate for testing the AI car controller due to it having many different turns and several straights of various lengths. In figure 23 one can see a top down view of the created racetrack. This racetrack contains eight different corners and seven different straights. The straights are used for testing the AI car’s ability to drive in a straight line and to allow the AI car time to accelerate. If the race track was continuous turns without any straights, the AI car would travel very slowly. On the other hand, the corners are there purely for testing the AI car’s ability to traverse corners, be they left or right turns.
[image: ]
[bookmark: _Toc7609956]Figure 23 - Top down view of the race track

Figure 23 is a top down view of the race track, but for the player. The race track differs very slightly for the AI. In figure 24, an image of the top down view of the AI race track can be seen, it’s the same in every way as figure 23 except for the added blue finish line. This finish line was added mostly for testing purposes as it let the developer know at what point the AI car drove off the track if it did, it was left in after testing due to how racing games usually have a counter for the number of laps completed. The finish line will increment the number of laps the AI car has done by one every time it passes through it and be displayed on the screen.
[image: ]
[bookmark: _Toc7609957]Figure 24 - Top down view of the AI race track





[bookmark: _Toc7609894]Main Menu
A simple main menu was designed, this was originally going to have more detail, such as a count of the total number of records created, this wasn’t implemented in the end however due to time constraints. The appearance of the main menu was also going to be improved upon but this seemed unnecessary for the project and was never implemented. The two buttons than can be seen on the menu in figure 25 are used to traverse to the other two scenes created. The button on the left of the main menu takes the user to the user controlled car, which is used to record the data for the AI car to use. On the other hand, the AI controller button on the right will take the user to the AI controlled car, which makes use of the data recorded in the user controller.
	[image: ]
[bookmark: _Toc7609958]Figure 25 - Main Menu
[bookmark: _Toc7609895]Logging Data
When the Unity project is played, the PhysicsRecorder script is run, which will count the number of record files created so far and then make a new record file.
Originally the intention was to have the developed race track record the car’s data every frame as the user drove around the race track, this idea was scrapped for the now used waypoint system as that method was far too taxing on the system and would cause immense frame rate loss. The waypoint system allowed for a much more stable frame rate as the user drives around the track.
The waypoint system implemented uses six waypoints per corner, each waypoint representing the distance from the corner they’re associated with. When the user drives into these waypoints the waypointRecorder script is run as there was a collision between the car and the waypoint.
Figure 26 shows the user controlled car approaching two corners, each with six waypoints as mentioned before, while figure 27 shows the user controlled car having already passed through four of the six waypoints for the first corner causing them to disappear.
[image: ]
[bookmark: _Toc7609959]Figure 26 - Waypoints for user
[image: ]
[bookmark: _Toc7609960]Figure 27 - Waypoints being destroyed
The waypointRecorder script handles destroying the waypoint that the car ran into so it can’t collide with it again. It also writes the name of the waypoint being hit, the current velocity of the car and whether or not the car is braking to text file called Braking. Another task this script performs is the same as what it does for the braking file, but for a text file called Turning, the difference with this file is that whether or not the car is braking is replaced with its current turning value. The folders that are created as well as the data saved to the text files can be viewed in figure 28. 
Originally the number of records to be generated had a maximum number of one hundred records, this of course was not ideal as it’s better practice to make it dynamic so the user can create an infinite number of records. This has now been altered so there’s no limit to the number of records that the user can make.
[image: ]
[bookmark: _Toc7609961]Figure 28 - Created folders containing the logged data and the contents of the logged data text files
The reasoning behind the specific data being saved to the files is that those are the variables that were found to affect that specific action. So depending on what waypoint the car is at and the current velocity of the car the AI will need to determine if it should brake or not.
[bookmark: _Toc7609896]User Movement
Originally the intention was to develop a full car controller which handles all the movements of the car. There were a number of setbacks accompanied with this however, such as the controls being very unstable and the car simply not working. In the end the choice to make use of the standard assets car controller was made as this saved time and allowed for the development of the Naïve Bayes braking and turning. So in the end the Naïve Bayes section of code is what decides on the variables passed into the standard assets car controller making it an AI controller car.
[bookmark: _Toc7609897]AI Movement
[bookmark: _Toc7609898]Naïve Bayes
The supervised learning algorithm that was chosen out of the multitude of options to be used was Naïve Bayes. This was due to the fast that it’s considered simple to implement and useful when dealing with large sets of data, which the project does.[3]
Braking
1. After the user has logged a sufficient amount of data in the files, run the AI controller scene.
2. The data will be read from the relevant text files and stored in separate lists for each type of data read in.
3. The speed data read in is then used to determine the average speed, as well as the maximum and minimum speeds. These calculated values are used to separate the speeds into slow, medium or fast.
4. The speeds that were read in from the files are then sorted into slow, medium or fast and the corresponding totals are calculated and divided by the overall totals, so the count of braking while going fast will be divided by the total number of brakes as shown in the table below. The same is done for the distance.
	Speed
	Braking
	Not Braking

	Fast
	yBrakeFast/yBrake
	nBrakeFast/nBrake

	Normal
	yBrakeNormal/yBrake
	nBrakeNormal/nBrake

	Slow
	yBrakeSlow/yBrake
	nBrakeSlow/nBrake

	
	
	

	Distance
	Braking
	Not Braking

	Close
	yBrakeClose/yBrake
	nBrakeClose/nBrake

	Medium
	yBrakeMedium/yBrake
	nBrakeMedium/nBrake

	Far
	yBrakeFar/yBrake
	nBrakeFar/nBrake

	
	
	

	
	Braking
	Not Braking

	Total
	yBrake/number of items read from the file
	nBrake/number of items read from the file


5. When the AI car comes into contact with a waypoint on a corner it uses what waypoint it came into contact with and its current speed to determine which values need to be used from the tables. 
6. If the car has come into contact with Waypoint 1 and its speed is considered to be fast, then it will use the corresponding data from the Braking side of the table and the not braking side of the table in the Naïve Bayes equation separately. The only difference is that the logarithms of the data will be used instead of the actual data as there’s the possibility that the numbers will be too small and set to zero. To multiply logarithms, they must be added together, so instead of multiplying the equation will use addition.
7. The two calculated values are then compared and whichever ends up being larger, ends up determining the outcome. So if the braking calculation ended up being larger than the not braking calculation, then the car will start braking until it reaches the next waypoint at which point these steps will repeat from step 5. 

The previous steps shown will allow the car to brake when needed, however a car in real life doesn’t reach a corner and then brake continuously forever, it needs to accelerate out of the turn. To implement this a new game object was created in unity called endCorner, this game object was placed at the end of every corner. A script was attached to all of the endCorner game objects, which told the AI car that it’s reached the end of a corner so that the AI knows to accelerate and not brake anymore.
Turning
At this stage of the development the AI car is capable of accelerating and braking on its own, however the user must steer around the corners for it to complete a lap around the track.
The next step in the movement of the AI car was to implement turning, there were several options when it came to this, such as a racing line for the AI car to follow, making the car travel in the centre of the track the entire time, or the method that was chosen. The chosen method was to use Naïve Bayes for the turning.
The naïve Bayes implementation for turning is extremely similar to the implementation for braking except for the fact that instead of the braking value for the car being used, it’s the turning value. This method was found to not be enough as the car would turn off the track and not make contact with the next waypoints occasionally when implanting this. The reason for this was found to be that when the AI car needed to turn it would turn as much as possible. To fix the issue with the car turning too much an altered version of Naïve Bayes was used.
Turning Amount
When it comes to turning the car won’t always turn the full amount when the user is driving around the track so the AI car shouldn’t either. To make the AI car turn more smoothly around the corners a new altered version of Naïve Bayes was used. The normal version of Naïve Bayes will have to end values to compare, a yes value and a no value, however with the amount of turning the user has decided to have three options, small turning, medium turning, and large turning. What this means is that instead of Naïve Bayes outputting two variables, it will need to output three. The table below is an example of how the turning amount works. (yS = the number of small turns, yM = the number of medium turns, yL = the number of large turns)
	Speed
	Small Turn
	Medium Turn
	Large Turn

	Fast
	ySTFast/yS
	yMTFast/yM
	yLTFast/yL

	Normal
	ySTNormal/yS
	yMTNormal/yM
	yLTNormal/yL

	Slow
	ySTSlow/yS
	yMTSlow/yM
	yLTSlow/yL

	
	
	
	

	Distance
	Small Turn
	Medium Turn
	Large Turn

	Close
	ySTClose/yS
	yMTClose/yM
	yLTClose/yL

	Medium
	ySTNormal/yS
	yMTMedium/yM
	yLTMedium/yL

	Far
	ySTFar/yS
	yMTFar/yM
	yLTFar/yL

	
	
	
	

	
	Small Turn
	Medium Turn
	Large Turn

	Total
	yST/yTurn
	yMT/yTurn
	yLT/yTurn


Once these probabilities have been calculated the final three values will be compared, the final three values are calculated the same way the brake and noBrake are calculated.
[bookmark: _Toc7609899]User Interface
The user interface was initially only used for testing. On the user interface two variables can be seen by the user, the current speed of the AI car and the current lap the AI car is on as shown in figure 29. 
[image: ]
[bookmark: _Toc7609962]Figure 29 - User interface

The speed was initially displayed for seeing the braking of the car working, but this was un-needed in the end as the debug menu could be used for this. The speed was left in in the end because in most racing games developed, they allow the user to see the current speed they’re travelling at.
The lap count was implemented into the user interface so that if and when the AI car gets driven off the race track while travelling around it, the developer will know exactly when it happened. This makes fixing issues and finding bugs much quicker. After testing was complete it was left in for the same reason that the speed was left in, most racing games generally allow the driver to see how many laps they’ve completed.
















[bookmark: _Toc7609900]Testing
[bookmark: _Toc7609901]Main Menu
		User Controller Button
When the user presses this button the intended purpose is for the user controlled car scene to appear, which will allow the user to record more data for the AI car to use. After testing the button by pressing it a number of times it can be said that the button works correctly.
AI Controller Button
When the user presses this button the intended purpose is for the AI controlled car scene to appear. At this point the AI scripts will be run and the user will watch the AI controller drive around the track using the recorded data. This button was tested several times to confirm that it did indeed work as intended.
[bookmark: _Toc7609902]		User Movement
Once the user has pressed the user controller button in the main menu they will need to then drive around the track to record the data for the AI to use. This small user movement section will cover the testing of the user controller to ensure that it works as intended.
		Driving forward
When the user presses the ‘w’ key, the car should begin to accelerate forwards. After testing this extensively this is confirmed to be working as intended.
		Turning Right
When the user presses the ‘d’ key, while pressing the ‘w’ key, the car is expected to begin accelerating forward while turning to the right. The reason for only testing turning right while the car moves forward is because like a real life car it won’t be able to turn without moving. This was tested while recording data by turning right around several different corners and worked as intended.

		Turning Left
When the user presses the ‘a’ key, while pressing the ‘w’ key, the car is expected to begin accelerating forward while turning to the left. The reason for only testing turning left while the car moves forward is because like a real life car it won’t be able to turn without moving. This was tested while recording data by turning left around several different corners and was found to work as intended. 
		Braking
When the user presses the ‘s’ key while not moving the car should reverse, this was not tested very much due it not being needed for the car to drive around the track. However, when the user presses the ‘s’ key while the car is currently moving forward the car should begin to decelerate until it stops and begins to reverse. This was tested greatly as this was needed for the car to be able to turn around corners if it’s travelling very fast. The tests were all positive and the braking was found to work correctly.
[bookmark: _Toc7609903]Logging Data
Creating a new folder with files to save data to
Upon running either the User controlled car scene or the AI controlled car scene a new folder is expected to be created. The location of the newly created folder is in the Recorded Data folder within the Assets folder of the Unity project. The new folder should be called ‘Record’ with a number at the end corresponding with the total number of record folders made. Within the generated folder should be two new text files, one labelled ‘Braking.txt’ and the other labelled ‘Turning.txt’. After countless tests it was found that the script which is meant to generate the folder and text files works as intended. When the user decides to drive around the track a new folder with two text files are indeed generated as shown previously in figure 28.
Writing to the newly created text files
As the user drives around the track and passes through waypoints on the corners specific data should be saved to the text files created. The braking text file should receive the current waypoint the car is on, the current speed of the car, and whether or not the car is braking. On the other hand, the turning text file will receive the same information, but replace the whether or not it’s braking with the turning amount. After completing multiple laps around the track to create the data it was found to write the correct information to the correct files. This means that this test has passed.
[bookmark: _Toc7609904]Reading the Logged Data
Both the braking text file and the turning text file generated in the previous tests must be read from when the AI car controller is selected. Testing this was done by using the debug console, where the values read in would output for the user to view and verify that they are correct. The data read from the files was determined to be correct in the end.
[bookmark: _Toc7609905]Naïve Bayes
To implement the AI car driving ensuring that the numbers used and calculated in Naïve Bayes was correct was a must. Checking if the values were correct was done by performing all the calculations using the same logged data from the files on an excel spreadsheet and then using the ‘Debug.Log()” function in Unity to output the values that it was using and then finally comparing the values. 









The two tables below show the calculated probabilities for all the necessary scenarios in the excel spreadsheet and in Unity respectively with regards to the braking.
	EXCEL VALUES – refer to figure 30 in the appendix

	Speed
	Braking
	Not Braking

	Fast
	22/149 = 0.147651
	29/187 = 0.15508

	Normal
	118/149 = 0.791946
	142/187 = 0.759358

	Slow
	9/149 = 0.060403
	16/187 = 0.085561

	
	
	

	Distance
	Braking
	Not Braking

	Close
	88/149 = 0.590604
	24/187 = 0.128342

	Medium
	49/149 = 0.328859
	63/187 = 0.336898

	Far
	12/149 = 0.080537
	100/187 = 0.534759

	
	
	

	
	Braking
	Not Braking

	Total
	149/336 = 0.443452
	187/336 = 0.556548



	UNITY VALUES – refer to figure 31 in the appendix 

	Speed
	Braking
	Not Braking

	Fast
	0.147651
	0.15508

	Normal
	0.791946
	0.759358

	Slow
	0.060403
	0.085561

	
	
	

	Distance
	Braking
	Not Braking

	Close
	0.590604
	0.128342

	Medium
	0.328859
	0.336898

	Far
	0.080537
	0.534759

	
	
	

	
	Braking
	Not Braking

	Total
	0.443452
	0.556548




The next check must be to determine if the values given above are used correctly to determine the AI car’s output. To test this the excel spreadsheet was used once again for the calculations and compared against the results given by the Unity project. This test is done for when the AI car makes contact with the first waypoint on the first corner of the track. For this test it is essential that both Unity and excel use the exact same data, which is why Unity will be made to output the car’s current speed so both can use the exact same speed. The two tables below show the calculated value for braking and for not braking calculated by using the logarithms of the corresponding values from the tables above using a base 10 in the excel spreadsheet and in Unity respectively.
	EXCEL TEST – refer to figure 32 in the appendix

	Distance
	Far

	Speed
	Fast

	Values Used for Braking
	log10(0.147651)
= -1.09401
	log10(0.080537)
= -0.83076
	log10(0.443452)
= -0.35315

	Values Used for Not Braking
	log10(0.15508)
= -0.27184
	log10(0.534759)
= -0.80944
	log10(0.556548)
= -0.25450

	Braking Values
	Brake = -2.27792
	No Brake = -1.33578

	Result
	-2.27792 < -1.33578 so don’t brake



	UNITY TEST – refer to figure 33 in the appendix

	Distance
	Far

	Speed
	Fast

	Values Used for Braking
	-1.09401
	-0.83076
	-0.35315

	Values Used for Not Braking
	-0.27184
	-0.80944
	-0.25450

	Braking Values
	Brake = -2.27792
	No Brake = -1.33578

	Result
	-2.27792 < -1.33578 so don’t brake




As the results in the excel spreadsheet have been found to be the exact same as the results given by Unity it can be said that the AI car’s Naïve Bayes calculations with regard to braking are correct which means that the braking of the car also works.
Braking is not the only instance of the Naïve Bayes calculations being performed, another instance is the turning of the car around corners. When it comes to turning the calculations become a bit more complicated than braking due to there being more variations in turning, the AI car can either turn a little bit, turn a medium amount or turn a lot. 
The two tables below show the calculated probabilities for all the necessary scenarios in the excel spreadsheet and in Unity respectively with regards to whether the car should turn or not.
	EXCEL VALUES – refer to figure 34 in the appendix

	Speed
	Turning
	Not Turning

	Fast
	48/320 = 0.15
	3/16 = 0.1875

	Normal
	247/320 = 0.771875
	13/16 = 0.8125

	Slow
	25/320 = 0.078125
	0/16 = 0

	
	
	

	Distance
	Turning
	Not Turning

	Close
	109/320 = 0.340625
	3/16 = 0.1875

	Medium
	111/320 = 0.346875
	1/16 = 0.0625

	Far
	100/320 = 0.3125
	12/16 = 0.75

	
	
	

	
	Braking
	Not Braking

	Total
	320/336 = 0.952381
	16/336 = 0.047619








	UNITY VALUES – refer to figure 35 in the appendix

	Speed
	Turning
	Not Turning

	Fast
	0.15
	0.1875

	Normal
	0.771875
	0.8125

	Slow
	0.078125
	0

	
	
	

	Distance
	Turning
	Not Turning

	Close
	0.340625
	0.1875

	Medium
	0.346875
	0.0625

	Far
	0.3125
	0.75

	
	
	

	
	Braking
	Not Braking

	Total
	0.952381
	0.047619


The next check must be to determine if the values given above are used correctly to determine the AI car’s output. To test this the excel spreadsheet was used once again for the calculations and compared against the results given by the Unity project. This test is done for when the AI car makes contact with the first waypoint on the first corner of the track. For this test it is essential that both Unity and excel use the exact same data, which is why Unity will be made to output the car’s current speed so both can use the exact same speed. The two tables below show the calculated value for turning and for not turning calculated by using the logarithms of the corresponding values from the tables above using a base 10 in the excel spreadsheet and in Unity respectively.






	EXCEL TEST – refer to figure 36 in the appendix

	Distance
	Far

	Speed
	Fast

	Values Used for Turning
	log10(0.15)
= -0.82391
	log10(0.3125)
= -0.50519
	log10(0. 952381)
= -0.02119

	Values Used for Not Turning
	log10(0.1875)
= -0.727
	log10(0.75)
= -0.12494
	log10(0.047619)
= -1.32222

	Turning Values
	Turning = -1.350248
	No Turning = -2.1741568

	Result
	-2.1741568< -1.350248 so turn



	UNITY TEST – refer to figure 37 in the appendix

	Distance
	Far

	Speed
	Fast

	Values Used for Turning
	-0.82391
	-0.50519
	-0.02119

	Values Used for Not Turning
	-0.727
	-0.12494
	-1.32222

	Turning Values
	Turning = -1.350248
	No Turning = -2.1741568

	Result
	-2.1741568< -1.350248 so turn



As the results in the excel spreadsheet have been found to be the exact same as the results given by Unity it can be said that the AI car’s Naïve Bayes calculations with regard to turning are correct which means that the turning of the car also works.
Once it has been determined that the AI car must turn, the next step is to determine the amount of turning to be done. This is done through another Naïve Bayes calculation which has been altered somewhat so instead of using a yes and no it uses a small turn, medium turn, and a large turn.



The two tables below show the calculated probabilities for all the necessary scenarios in the excel spreadsheet and in Unity respectively with regards to whether the car should turn a small amount, a medium amount, or a large amount.
	EXCEL VALUES – refer to figure 38 in the appendix

	Speed
	Small Turn
	Medium Turn
	Large Turn

	Fast
	9/49 = 0.18367
	19/99 = 0.19192
	20/172 = 0.11628

	Normal
	37/49 = 0.7551
	75/99 = 0.75758
	135/172 = 0.78488

	Slow
	3/49 = 0.06122
	5/99 = 0.05051
	17/172 = 0.09884

	
	
	
	

	Distance
	Small Turn
	Medium Turn
	Large Turn

	Close
	6/49 = 0.12245
	24/99 = 0.24242
	79/172 = 0.45930

	Medium
	17/49 = 0.34694
	34/99 = 0.34343
	60/172 = 0.34884

	Far
	26/49 = 0.53061
	41/99 = 0.41414
	33/172 = 0.19186

	
	
	
	

	
	Small Turn
	Medium Turn
	Large Turn

	Total
	49/320 = 0.15313
	99/320 = 0.30938
	172/320 = 0.5375




	UNITY VALUES – refer to figure 39 in the appendix

	Speed
	Small Turn
	Medium Turn
	Large Turn

	Fast
	0.18367
	0.19192
	0.11628

	Normal
	0.7551
	0.75758
	0.78488

	Slow
	0.06122
	0.05051
	0.09884

	
	
	
	

	Distance
	Small Turn
	Medium Turn
	Large Turn

	Close
	0.12245
	0.24242
	0.45930

	Medium
	0.34694
	0.34343
	0.34884

	Far
	0.53061
	0.41414
	0.19186

	
	
	
	

	
	Small Turn
	Medium Turn
	Large Turn

	Total
	0.15313
	0.30938
	0.5375


As it’s been determined that the calculated probabilities are correct the next test to be performed is to see if these values are being used correctly. This test is similar to the previous tests done with braking and turning, the logarithms of the values with a base of 10 must be found and then added together if those values are needed for the final calculation. Those calculations can be seen in the two tables below.
	EXCEL TEST – refer to figure 40 in the appendix

	Distance
	Far

	Speed
	Fast

	Values Used for Small Turning
	Log10(0.53061) = 
-0.27522
	Log10(0.18367) = 
-0.73595
	Log10(0.15313) = 
-0.81495

	Values Used for Medium Turning
	Log10(0.41414) = 
-0.38285
	Log10(0.19192) = 
-0.71688
	Log10(0.30938) = 
-0.50951

	Values Used for Large Turning
	Log10(0.19186) = 
-0.71702
	Log10(0.11628) = 
-0.9345
	Log10(0.5375) = 
-0.26962

	Turning Values
	Small Turn = 
-1.82613
	Medium Turn = 
-1.60925
	Large Turn = 
-1.92113

	Result
	-1.60925>-1.82613 and -1.60925 > -1.92113 so medium turn


	
	Unity TEST – refer to figure 41 in the appendix

	Distance
	Far

	Speed
	Fast

	Values Used for Small Turning
	-0.27522
	-0.73595
	-0.81495

	Values Used for Medium Turning
	-0.38285
	-0.71688
	-0.50951

	Values Used for Large Turning
	-0.71702
	-0.9345
	-0.26962

	Turning Values
	Small Turn = 
-1.82613
	Medium Turn = 
-1.60925
	Large Turn = 
-1.92113

	Result
	-1.60925>-1.82613 and -1.60925 > -1.92113 so medium turn


As the final results from the excel spreadsheet created match the final results of the Naïve Bayes equation from Unity, the amount of turning can be considered to be correct. The fact that these values are correct means that the amount the AI car turns in the end.
[bookmark: _Toc7609906]AI Movement
When the user selects the AI car controller to view, the AI car needs to be able to move. The tests pertaining to the movement of the AI controlled car were done as the Naïve Bayes sections were implemented.
		Driving forward
The AI car needs to be able to move forwards without any user input. This was found to work as intended.
		Turning Right
When the AI car approaches a corner that turns to the right, the AI car will also need to turn to the right in order to follow the corner. Testing this took a while as the development of Naïve Bayes for turning and then for the turning amount took longer than initially planned. The testing was able to be completed in the end and the AI car is capable of turning right when needed to.
		Turning Left 
When the AI car approaches a corner that turns to the left, the AI car will also need to turn to the left in order to follow the corner. The testing found that the car was indeed able to turn left when it was required to do so.
		Braking
To the developer’s knowledge, racing cars generally brake when going around corners in order to not go off the track accidentally. This means that the AI car also needs to be able to brake when traversing corners, specifically when the AI car is close to the corner. After numerous tests, it was determined that the AI car is capable of braking as intended.
[bookmark: _Toc7609907]Discovered Errors
Slow AI car
During development some issues arose with the implementation of Naïve Bayes. These issues didn’t stop the AI car from being able to drive around the track completely so they were difficult to notice. However, after looking back over the developed scripts and error was found. The found error caused the AI car to brake when it shouldn’t on the corners and accelerate when it should brake on the corners. After this error was corrected the car was able to move around the track much quicker and more realistically.
AI car reversing at corners
During development an issue was found where the AI car would instead of driving around the corner, instead brake until it stops and begin to reverse away from the corner and off the track. This issue was resolved by altering the positions of the waypoints on all the corners so they would be closer together. The cause of this issue was that the AI car wasn’t reaching the next waypoint on the corner before it began to reverse.
Naive Bayes Error
After the implementation of the Naïve Bayes calculations for turning it was discovered that some values being used were incorrect. This error was found using the debug console while checking if the value were correct. The cause of this error ended up being an equation being done with an incorrect variable, this was quickly corrected and the values were corrected as a result.






[bookmark: _Toc7609908]Chapter 5 – Evaluation
The evaluation section will compare what the developer did with the project and the chosen aim and objectives in order to demonstrate if the project was fully completed or not. It will also outline any conclusions drawn by the data or outcome of the project.
As the Naïve Bayes values have been tested and found to be correct, this ensures that the AI car is turning, braking, and accelerating as it should. When watching the AI controlled car drive around the track it can be seen to travel around the track a virtually endless number of times at a reasonable speed. The conclusion that can be made from these results is that the AI car controller works as intended and the project was a complete success.
The Naïve Bayes equations were the same equations as was found through the literature review. As the AI car does as it should, using the Naïve Bayes equations it can be said that the data does back up the research done in the literature review.
The first objective was to complete a literature review that was relevant to the AI car controller project. This objective was completed in chapter 2 of this report.
The second objective was to build a 3D race track and implement a user controlled car into it. This objective was met by making use of Unity to create a quick race track to be driven in and standard assets was implemented into the project in order to make use of the standard assets car model and car controller script.
The third objective was to implement a way to log relevant car data to text files for the AI car to read later. This objective was met as the user is able to drive around the track and record data to text files to be read later.
The fourth objective was to Implement a supervised learning algorithm that determines what the AI car should do depending on certain variables. This objective was completed as the testing data shown in chapter 4 that was created in the excel spreadsheet matched the data that was used in the Unity project and since the AI car is capable of moving around the entire track this objective was definitely met.
The fifth and last object was to evaluate the supervised learning algorithm implemented and improve upon it if needed. The implemented algorithm was evaluated and it didn’t appear to need any improvements other than a few incorrect variables being used addressed in chapter 4.
As the five set objectives have been met, this means that the aim of developing, training and evaluating a supervised learning algorithm for use in controlling an AI car in a 3D environment was met. Currently the user is capable of logging data by driving around the track and a learning algorithm has been implemented that is able to decide all the actions that the AI car will take.
Overall the answers that the AI car controller gave were what the developer expected. The AI car was expected to be able to accelerate, brake, and turn around corners making it capable of traversing the entire race track several times each after one another. The Naïve Bayes values were confirmed to be the same as they should during the testing stage in chapter 4.
If the project was to be done again with differences, then the main difference would be to use a script that handles all the movements of the car that I developed myself rather than using the standard assets one.












[bookmark: _Toc7609909]Chapter 6 – Conclusion & Recommendations
[bookmark: _Toc7609910]Summary
There’s a multitude of supervised learning algorithms that decides on an output based on the given inputs[1]. The algorithm that could have been used for the development of the AI car controller range from a series of ‘IF’ statements that will eventually generate an action based on the observations made by the machine[3] known as decision trees to discriminative classifiers that are defined by separating hyper-planes known as support vector machines[18]. The chosen algorithm for supervised learning was Naïve Bayes Classifier, which is a classification technique based on Bayes’ Theorem where the predictors have an independence and is considered to be generally simple to implement[3][4]. There also happened to be a number of options when it came to developing the project, the chosen option was Unity, a multi-platform game development engine which is capable of developing applications in Windows, Mac OS and to an extent Linux[26][27]. Unity was the 3D environment that the project was developed in.
There are many design choices that had to be considered during the development of the AI car controller. The design choices all factored into the end product of the AI car controller. From the simple main menu design all the way to the in-depth implementation of Naïve Bayes with regard to the turning of the AI controlled car. The Naïve Bayes as well as many other aspects of the project were confirmed to be done correctly by the extensive testing done and comparisons done if needed. The choice of how the data was saved in text files within folders was also a key design choice as this impacted the logging of the car’s data, as well as the reading of the data for Naïve Bayes.





[bookmark: _Toc7609911]Objective one
Complete a literature review relating to supervised learning algorithms and relevant information regarding AI cars.
Conclusion
A large number of supervised learning algorithms were researched, which lead to the selection of Naïve Bayes to be used. Different methods of implementing AI cars were also researched, however only a small amount of this researched was used in the end.
[bookmark: _Toc7609912]Objective Two
	Build a 3D race track with relatively realistic car physics and a user controlled car.
	Conclusion
Unity was the ideal 3D environment to create the race track and Unity also included standard assets which had a built in car controller. 
[bookmark: _Toc7609913]Objective Three
	Log data from the car as the user drives around the track.
	Conclusion
Text files were found to be ideal for storing the data that needed to be recorded. The data that needed to be recorded was found to be all the variables that had an influence on specific outcomes, for example, braking is influence by the current speed of the car and the distance from a corner.
[bookmark: _Toc7609914]Objective Four
	Implement a supervised learning algorithm into an AI car controller
	Conclusion
Naïve Bayes Classifier was found to work excellently for determining if an AI car should brake or turn depending on specific situations.



[bookmark: _Toc7609915]Objective Five
	Evaluate the supervised learning algorithm and improve upon it if needed
	Conclusion
Naïve Bayes Classifier was found to be more difficult to implement than the developer initially thought as there are a lot of small mistakes that could impact the end outcome. After the mistakes were all fixed Naïve Bayes worked perfectly.
[bookmark: _Toc7609916]Aim
To develop, train and evaluate a supervised learning algorithm for use in controlling an AI car in a 3D environment.
Conclusion
The supervised learning algorithm, Naïve Bayes Classifier is capable of being implemented to control the braking and turning aspects of an AI car controller, while Unity is an ideal 3D environment for developing it in.
[bookmark: _Toc7609917]Suggestions for Further Work
More information could be displayed on the user interface, for example, the user interface could display the last check point the AI car travelled through and whether it should be braking or not.
Perhaps another supervised learning algorithm could be used and the two algorithms could be compared with one another by seeing which AI controlled car is able to finish the race track first. This would also help identify the better choice when it comes to developing an AI car.






[bookmark: _Toc7609918]Chapter 7 – Reflection
After completing the literature review the developer discovered many different supervised learning algorithms and did detailed research on each. This caused the developer to learn about each algorithm, the main one being the implemented algorithm, Naïve Bayes Classifier. This information is extremely useful as the developer now has a much more in depth understanding of machine learning.
During the development of the AI car controller, a great deal of experience was gained in the use of Unity and the C# language. When the developer felt stuck in anyway during the development due to in-experience research was able to fill in the gap and the developer was able to learn and improve their knowledge. This allowed the developer to become much more confidant in not only coding, but also with the use of Unity.
It was found that if the developer had used their time much more wisely then the project may have been further improved. More research could have been done for a better understanding of the algorithm being used so time wasn’t wasted correcting it multiple times throughout development.
Due to the fact that the developer made the choice to not develop his own script that handles the movements and physics of the car, and understanding of the Unity standard assets car controller was needed. The developer learned how to make use of the standard assets car controller in order to make full use of it for the developed AI car controller.
After research was done for the literature review, the developer learnt about how others have used waypoints to assist the AI car’s driving. This method wasn’t implemented, but it inspired the developer to use waypoints to record data on the corners of the race track. The part of the development of the AI car controller taught the user how to get specific information from game object in the scene and write them to files and then read them from said files.
After the degree has been complete, the next intended step for the developer is to work in the game development industry.
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using System;
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityStandardAssets.Vehicles.Car;
using System.IO;

public class AIBraking : MonoBehaviour {
    public string recordDirectory { get; private set; } //Used to store the location of the logged data to be read
    public float fastSpeed { private set; get; } //Used to store the speed that determines if the car is currently going fast or not
    public float mediumSpeed { private set; get; } //Used to store the speed that determines if the car is currently going at a medium speed or not
    public float slowSpeed { private set; get; } //Used to store the speed that determines if the car is currently going slow or not
    public float yesBrakeFast { private set; get; } //Used to store the probability of the car braking while going fast
    public float yesBrakeNormal { private set; get; } //Used to store the probability of the car braking while going at a normal speed
    public float yesBrakeSlow { private set; get; } //Used to store the probability of the car braking while going at a slow speed
    public float yesBrakeFar { private set; get; } //Used to store the probability of the car braking while being far away from the corner
    public float yesBrakeMedium { private set; get; } //Used to store the probability of the car braking while being a medium distance from the corner
    public float yesBrakeClose { private set; get; } //Used to store the probability of the car braking while being close to the corner
    public float yesBrake { private set; get; } //Used to store the amount of times the files say the car would brake divided by the total number of lines saved to the text files
    public float noBrakeFast { private set; get; } //Used to store the probability of the car not braking while going fast
    public float noBrakeNormal { private set; get; } //Used to store the probability of the car not braking while going at a normal speed
    public float noBrakeSlow { private set; get; } //Used to store the probability of the car not braking while going at a slow speed
    public float noBrakeFar { private set; get; } //Used to store the probability of the car not braking while being far away from the corner
    public float noBrakeMedium { private set; get; } //Used to store the probability of the car braking while being a medium distance from the corner
    public float noBrakeClose { private set; get; } //Used to store the probability of the car braking while being close to the corner
    public float noBrake { private set; get; } //Used to store the amount of times the files say the car wouldn't brake divided by the total number of lines saved to the text files

    // Use this for initialization
    void Start () {
        
        List<float> speedList = new List<float>(); //Used to store the speed values read in from the log files
        List<string> trueSpeedList = new List<string>(); //Used to store the speed values in string form

        List<string> distanceList = new List<string>(); //Used to store the distance values read in from the log files
        List<string> trueDistanceList = new List<string>(); //Used to store the distance values in string form

        List<string> brakeList = new List<string>(); //Used to store the brake values read in from the log files
        List<string> trueBrakeList = new List<string>(); //Used to store the brake values in string form

        //Variables used to store the total amount of each from the data read in from the files
        float yBrakeFast = 0, yBrakeNormal = 0, yBrakeSlow = 0;
        float yBrakeFar = 0, yBrakeMedium = 0, yBrakeClose = 0;
        float yBrake = 0;

        float nBrakeFast = 0, nBrakeNormal = 0, nBrakeSlow = 0;
        float nBrakeFar = 0, nBrakeMedium = 0, nBrakeClose = 0;
        float nBrake = 0;

        string[] splitRecord; //Used to split a string

        int fileCounter = 1; //Stores the total number of files to be read

        while (true)
        {
            recordDirectory = Application.dataPath + "\\Recorded Data\\Record" + fileCounter; //Set recordDirectory to the location of a record folder

            //Check if the folder doesn't exist
            if (!Directory.Exists(recordDirectory))
            {
                break; //Exit the for loop
            }
            else
            {
                fileCounter++; //Increment the filrCounter by 1
            }
        }

        //Loop for the number of files found
        for (int i = 1; i < fileCounter; i++)
        {
            string path = Application.dataPath + "\\Recorded Data\\Record" + i + "\\Braking.txt"; //Set path to the location of the Braking text file in the current record folder being looked at
            
            //Open the file to be read from
            using (StreamReader sr = new StreamReader(path))
            {
                //Loop while the end of the file hasn't been found
                while (sr.Peek() >= 0)
                {
                    splitRecord = sr.ReadLine().Split(','); //Split the line read in from the file at the commas

                    distanceList.Add(splitRecord[0]); //Add the first part of the line to the distanceList
                    speedList.Add(float.Parse(splitRecord[1])); //Add the second part of the line to the speedList after converting it to a float
                    brakeList.Add(splitRecord[2]); //Add the third part of the line to the brakeList
                }
            }
        }

        float averageSpeed = 0; //Used to store the average speed of the all the speeds read in from the files
        float maxSpeed = 0; //Used to store the max speed calculated using the average speed and the fastest speed
        float minSpeed = 0; //Used to store the minimum speed calculated using the average speed and the slowest speed

        //Loop for the number of items in the speedList
        for (int i = 0; i < speedList.Count; i++)
        {
            averageSpeed += speedList[i]; //Add the speed being looked at to the averageSpeed

            //Check if the speed being looked at is larger than the current stored maxSpeed
            if (speedList[i] > maxSpeed)
                maxSpeed = speedList[i]; //Set maxSpeed to the speed being looked at
            else
            {
                //Check if the speed being looked at is less than the current stored minSpeed
                if (speedList[i] < minSpeed)
                    minSpeed = speedList[i]; //Set minSpeed to the speed being looked at
                else if (minSpeed == 0) //Check if this is the first speed being looked
                    minSpeed = speedList[i]; //Set the starting value of minSpeed
            }
        }

        float dif; //Used to calculate the mediumSpeed and the slowSpeed

        averageSpeed /= speedList.Count; //Divide all the speeds added together by the total number of speeds to get the average speed

        mediumSpeed = averageSpeed; //Set mediumSpeed to be the same as the averageSpeed

        dif = mediumSpeed - minSpeed; //Calculate the difference between the mediumSpeed and the minSpeed

        slowSpeed = averageSpeed - (dif / 2); //Calculate slowSpeed by subtracted the difference between the mediumSpeed and minSpeed divided by 2 from the averageSpeed to give a range (Slowest speed to this value = slow)

        dif = maxSpeed - mediumSpeed; //Calculate the difference between the mediumSpeed and the maxSpeed

        fastSpeed = averageSpeed + (dif / 2); //Calculate fastSpeed by subtracted the difference between the mediumSpeed and maxSpeed divided by 2 from the averageSpeed to give a range (Fastest speed to this value = fast)

        //Loop for the number of distances stored
        for (int i = 0; i < distanceList.Count; i++)
        {
            //Check if the current record being looked at has the car braking
            if (brakeList[i] == "True" || brakeList[i] == "paused")
            {
                //Add the string BRAKE to the trueBrakeList
                trueBrakeList.Add("BRAKE");
                yBrake++; //Increment the yBrake value by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    //Add the string SLOW to the trueSpeedList
                    trueSpeedList.Add("SLOW");
                    yBrakeSlow++; //Increment the yBrakeSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    //Add the string FAST to the trueSpeedList
                    trueSpeedList.Add("FAST");
                    yBrakeFast++; //Increment the yBrakeFast by 1
                }
                else
                {
                    //Add the string NORMAL to the trueSpeedList
                    trueSpeedList.Add("NORMAL");
                    yBrakeNormal++; //Increment the yBrakeNormal by 1
                }
                
                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    //Add the string FAR to the trueDistanceList
                    trueDistanceList.Add("FAR");
                    yBrakeFar++; //Increment the yBrakeFar by 1
                }
                //Check if the current record being looked at has the car at Waypoint 3 or Waypoint 4
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    //Add the string MEDIUM to the trueDistanceList
                    trueDistanceList.Add("MEDIUM");
                    yBrakeMedium++; //Increment the yBrakeMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 5 or Waypoint 6
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    //Add the string CLOSE to the trueDistanceList
                    trueDistanceList.Add("CLOSE");
                    yBrakeClose++; //Increment the yBrakeClose by 1
                }
            }
            else
            {
                //Add the string ACCELERATE to the trueBrakeList
                trueBrakeList.Add("ACCELERATE");
                nBrake++; //Increment the nBrake by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    //Add the string SLOW to the trueSpeedList
                    trueSpeedList.Add("SLOW");
                    nBrakeSlow++; //Increment nBrakeSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    //Add the string FAST to the trueSpeedList
                    trueSpeedList.Add("FAST");
                    nBrakeFast++; //Increment nBrakeFast by 1
                }
                else
                {
                    //Add the string NORMAL to the trueSpeedList
                    trueSpeedList.Add("NORMAL");
                    nBrakeNormal++; //Increment nBrakeNormal by 1
                }
                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    //Add the string Far to the trueDistanceList
                    trueDistanceList.Add("FAR");
                    nBrakeFar++;
                }
                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    //Add the string Far to the trueDistanceList
                    trueDistanceList.Add("MEDIUM");
                    nBrakeMedium++; //Increment nBrakeMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    //Add the string Far to the trueDistanceList
                    trueDistanceList.Add("CLOSE");
                    nBrakeClose++; //Increment nBrakeClose by 1
                }
            }
        }
        
        yesBrake = yBrake / distanceList.Count; //Calculate the probability of braking
        noBrake = nBrake / distanceList.Count; //Calculate the probability of not braking

        yesBrakeClose = yBrakeClose / yBrake; //Calculate the probability of braking while the car is close
        yesBrakeMedium = yBrakeMedium / yBrake; //Calculate the probability of braking while the car is at a medium distance
        yesBrakeFar = yBrakeFar / yBrake; //Calculate the probability of braking while the car is far

        noBrakeClose = nBrakeClose / nBrake; //Calculate the probability of not braking while the car is close
        noBrakeMedium = nBrakeMedium / nBrake; //Calculate the probability of not braking while the car is at a medium distance
        noBrakeFar = nBrakeFar / nBrake; //Calculate the probability of not braking while the car is far

        yesBrakeFast = yBrakeFast / yBrake; //Calculate the probability of braking while the car is fast
        yesBrakeNormal = yBrakeNormal / yBrake; //Calculate the probability of braking while the car is moving at a medium speed
        yesBrakeSlow = yBrakeSlow / yBrake; //Calculate the probability of braking while the car is slow

        noBrakeFast = nBrakeFast / nBrake; //Calculate the probability of not braking while the car is fast
        noBrakeNormal = nBrakeNormal / nBrake; //Calculate the probability of not braking while the car is moving at a medium speed
        noBrakeSlow = nBrakeSlow / nBrake; //Calculate the probability of not braking while the car is slow
    }
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class AICarDistanceHolder : MonoBehaviour {

    public string distance { get; set; } //Used to store the last waypoint the AI car made contact with
    public float angleCorrect { get; set; } //Used to store the angle the AI car needs to correct itself to match when exiting a corner
    public bool endCorner { get; set; } //Used to store whether or not the AI car has reached the end of the corner
    public bool finishLine { get; set; } //Used to store whether or not the AI car has hit the finish line
}
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using System;
using UnityEngine;
using UnityStandardAssets.CrossPlatformInput;
using System.Collections;
using System.Collections.Generic;
using System.IO;

namespace UnityStandardAssets.Vehicles.Car
{
    [RequireComponent(typeof(CarController))]
    public class AIController : MonoBehaviour
    {
        private int turnCount = 0; //Used to store the turn the car is on
        private bool nextTurn = true; //Used to tell the car when it's at the next turn

        [SerializeField]
        private GameObject theCar; //Used to store the car gameobject so it's components can be viewed

        [SerializeField]
        private GameObject finish; //Used to store the finish gameobject so it's components can be viewed

        private CarController m_Car; // the car controller we want to use

        private AIBraking aiBraking; //Used to store the aiBraking script component

        private AITurning aiTurning; //Used to store the aiTurning script component

        private AICarDistanceHolder aiCarDistanceHolder; //Used to store the aiCarDistanceHolder script component

        private float correctAngleChecker; //Used to determine if the AI car needs to turn
        public string distance { get; set; } //Used to determine at what point on the corner the car is
        public float angleCorrect { get; set; } //Used to tell the car what angle it needs to get to when exiting the corner
        public double speed { get; set; } //Used to store the current speed of the car
        public bool finishLine { get; set; } //Used to determine if the car has crossed the finish line
        public int lapCount { get; private set; } //Used to store the number of laps the car has completed
        private void Awake()
        {
            // get the car controller
            m_Car = GetComponent<CarController>();
            aiBraking = GetComponent<AIBraking>();
            aiTurning = GetComponent<AITurning>();
            aiCarDistanceHolder = GetComponent<AICarDistanceHolder>();

            aiCarDistanceHolder.endCorner = false;
        }


        private void FixedUpdate()
        {
            angleCorrect = -1; //Initialise the angleCorrect value to -1
            finishLine = false; //Set finishLine to false as the car doesn't start at the finish line

            string carSpeed; //Usd to store the current speed of the car as a string eg. fast, slow, normal
            string carDistance; //Usd to store the current distance of the car as a string eg. close, far, medium

            List<float> yesBrake = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for braking
            List<float> noBrake = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for not braking

            List<float> yesTurn = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for turning
            List<float> noTurn = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for not turning

            List<float> yST = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for small turning
            List<float> yMT = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for medium turning
            List<float> yLT = new List<float>(); //Used to store all the necessary values for the naive bayes calculations for large turning

            double brake = 0.0f; //Used for the final calculation of Naive Bayes for yes braking
            double dontBrake = 0.0f; //Used for the final calculation of Naive Bayes for no braking

            double turn = 0.0f; //Used for the final calculation of Naive Bayes for yes turning
            double dontTurn = 0.0f; //Used for the final calculation of Naive Bayes for no turning

            double sTurn = 0.0f; //Used for the final calculation of Naive Bayes for small turning
            double mTurn = 0.0f; //Used for the final calculation of Naive Bayes for medium turning
            double lTurn = 0.0f; //Used for the final calculation of Naive Bayes for large turning

            distance = aiCarDistanceHolder.distance; //Grab the distance stored in the aiCarDistanceHolder script

            //Set the finishLine to be the same as the finishLine in the aiCarDistanceHolder script
            finishLine = aiCarDistanceHolder.finishLine;

            //Calculate the current speed of the AI car using pythagoras
            speed = (float)System.Math.Sqrt((theCar.GetComponent<Rigidbody>().velocity.x *
    theCar.GetComponent<Rigidbody>().velocity.x) + (theCar.GetComponent<Rigidbody>().velocity.y *
    theCar.GetComponent<Rigidbody>().velocity.y) + (theCar.GetComponent<Rigidbody>().velocity.z *
    theCar.GetComponent<Rigidbody>().velocity.z));

            //Check if the AI car is moving slow, fast or in between
            //Then set carSpeed to SLOW, FAST, or NORMAL depending on the speed
            if (speed <= aiBraking.slowSpeed)
                carSpeed = "SLOW";
            else if (speed >= aiBraking.fastSpeed)
                carSpeed = "FAST";
            else
                carSpeed = "NORMAL";

            //Check if the AI car has gone around every corner and then set the turnCount back to 0
            if (turnCount >= 8)
                turnCount = 0;
                
            
            //Check if the AI car has made contact with the start of a corner and nextTurn is true
            if (distance == "Waypoint 1" && nextTurn)
            {
                //Check if the finish line is moved out of position
                if (finish.transform.position.y < 0)
                {
                    //Move the finish line up by 100
                    finish.transform.Translate(0, 100, 0, Space.Self);
                }

                turnCount++; //Increment the number of turns by 1
                correctAngleChecker = 0; //Set correctAngleChecker to 0
                nextTurn = false; //Reset nextTurn to false
            }
            
            //Check if the AI car has reached the final waypoint of the corner
            if (distance == "Waypoint 6")
            {
                correctAngleChecker = 0; //Set correctAngleChecker to 0
                nextTurn = true; //Set nextTurn to true
            }

            //Check if the AI car has finished the corner
            if (distance == "End of Corner")
            {
                //Set angleCorrect to the same angle as the finish line's y rotation
                angleCorrect = aiCarDistanceHolder.angleCorrect;
            }

            //Check if finishLine is ture, which means the AI car has hit the finish line
            if (finishLine)
            {
                lapCount++; //Increment the lapCount by 1
                finishLine = false; //Set finishLine to false
                aiCarDistanceHolder.finishLine = false; //Set the finshLine in the aiCarDistanceHolder to false
            }

            //Check if the last waypoint the AI car hit was waypoint 1 or waypoint 2
            if (distance == "Waypoint 1" || distance == "Waypoint 2")
                carDistance = "FAR"; //Set carDistance to FAR
            //Check if the last waypoint the AI car hit was waypoint 3 or waypoint 4
            else if (distance == "Waypoint 3" || distance == "Waypoint 4")
                carDistance = "MEDIUM"; //Set carDistance to MEDIUM
            else
                carDistance = "CLOSE"; //Set carDistance to CLOSE

            // pass the input to the car!
            float h = CrossPlatformInputManager.GetAxis("Horizontal");
            float v = CrossPlatformInputManager.GetAxis("Vertical");

            //Check if the distance isn't null
            if (distance != null)
            {
                //Add the value calculated in the yesTurn variable in the aiTurning script to the yesTurn list
                yesTurn.Add(aiTurning.yesTurn);
                //Add the value calculated in the noTurn variable in the aiTurning script to the noTurn list
                noTurn.Add(aiTurning.noTurn);

                //Check if the AI car is moving slowly
                if (carSpeed == "SLOW")
                {
                    //Add the value calculated in the yesTurnSlow variable in the aiTurning script to the yesTurn list
                    yesTurn.Add(aiTurning.yesTurnSlow);
                    //Add the value calculated in the noTurnSlow variable in the aiTurning script to the noTurn list
                    noTurn.Add(aiTurning.noTurnSlow);
                }
                //Check if the AI car is moving fast
                else if (carSpeed == "FAST")
                {
                    //Add the value calculated in the yesTurnFast variable in the aiTurning script to the yesTurn list
                    yesTurn.Add(aiTurning.yesTurnFast);
                    //Add the value calculated in the noTurnFast variable in the aiTurning script to the noTurn list
                    noTurn.Add(aiTurning.noTurnFast);
                }
                //Check if the AI car is moving at a normal speed
                else
                {
                    //Add the value calculated in the yesTurnNormal variable in the aiTurning script to the yesTurn list
                    yesTurn.Add(aiTurning.yesTurnNormal);
                    //Add the value calculated in the noTurnNormal variable in the aiTurning script to the noTurn list
                    noTurn.Add(aiTurning.noTurnNormal);
                }

                //Check if the AI car is far away from the corner
                if (carDistance == "FAR")
                {
                    //Add the value calculated in the yesTurnFar variable in the aiTurning script to the yesTurn list
                    yesTurn.Add(aiTurning.yesTurnFar);
                    //Add the value calculated in the noTurnFar variable in the aiTurning script to the noTurn list
                    noTurn.Add(aiTurning.noTurnFar);
                }
                //Check if the AI car is a medium distance away from the corner
                else if (carDistance == "MEDIUM")
                {
                    //Add the value calculated in the yesTurnMedium variable in the aiTurning script to the yesTurn list
                    yesTurn.Add(aiTurning.yesTurnMedium);
                    //Add the value calculated in the noTurnMedium variable in the aiTurning script to the noTurn list
                    noTurn.Add(aiTurning.noTurnMedium);
                }
                //Check if the AI car is close to the corner
                else
                {
                    //Add the value calculated in the yesTurnClose variable in the aiTurning script to the yesTurn list
                    yesTurn.Add(aiTurning.yesTurnClose);
                    //Add the value calculated in the noTurnClose variable in the aiTurning script to the noTurn list
                    noTurn.Add(aiTurning.noTurnClose);
                }
            }

            //Loop for the number of items added to the yesTurn list
            for (int i = 0; i < yesTurn.Count; i++)
            {
                //Add the logarithms of the values stored in the yesTurn list to perform the final naive bayes calculation
                //The variables are added together in this case instead of being multiplied,
                //This is done because to multiply the logarithms of numbers they need to be added together,
                //It is required to add them together instead
                //Then do the same for the dontTurn variables
                turn += Math.Log10(yesTurn[i]);
                dontTurn += Math.Log10(noTurn[i]);
            }

            bool turning = false; //Used to store whether or not the car needs to turn, set turning to false

            //Check if turn is greater than dontTurn
            if (turn > dontTurn)
                turning = true; //Set turning to true

            //Check if distance has a value and turning is true
            if (distance != null && turning)
            {
                //Add the value calculated in the yST 
                //variable in the aiTurning script to the yST list
                yST.Add(aiTurning.yST);
                //Add the value calculated in the yMT 
                //variable in the aiTurning script to the yMT list
                yMT.Add(aiTurning.yMT);
                //Add the value calculated in the yLT 
                //variable in the aiTurning script to the yLT list
                yLT.Add(aiTurning.yLT);

                //Check if the AI car is moving slowly
                if (carSpeed == "SLOW")
                {
                    //Add the value calculated in the ySTSlow 
                    //variable in the aiTurning script to the yST list
                    //Do this for yMTSlow into yMT and yLTSlow into yLT as well
                    yST.Add(aiTurning.ySTSlow);
                    yMT.Add(aiTurning.yMTSlow);
                    yLT.Add(aiTurning.yLTSlow);
                }
                //Check if the AI car is moving fast
                else if (carSpeed == "FAST")
                {
                    //Add the value calculated in the ySTFast
                    //variable in the aiTurning script to the yST list
                    //Do this for yMTFast into yMT and yLTFast into yLT as well
                    yST.Add(aiTurning.ySTFast);
                    yMT.Add(aiTurning.yMTFast);
                    yLT.Add(aiTurning.yLTFast);
                }
                else
                {
                    //Add the value calculated in the ySTNormal 
                    //variable in the aiTurning script to the yST list
                    //Do this for yMTNormal into yMT and yLTNormal into yLT as well
                    yST.Add(aiTurning.ySTNormal);
                    yMT.Add(aiTurning.yMTNormal);
                    yLT.Add(aiTurning.yLTNormal);
                }

                //Check if the AI car is far away from the corner
                if (carDistance == "FAR")
                {
                    //Add the value calculated in the ySTFar 
                    //variable in the aiTurning script to the yST list
                    //Do this for yMTFar into yMT and yLTFar into yLT as well
                    yST.Add(aiTurning.ySTFar);
                    yMT.Add(aiTurning.yMTFar);
                    yLT.Add(aiTurning.yLTFar);
                }
                //Check if the car is a medium distance from the corner
                else if (carDistance == "MEDIUM")
                {
                    //Add the value calculated in the ySTMedium 
                    //variable in the aiTurning script to the yST list
                    //Do this for yMTMedium into yMT and yLTMedium into yLT as well
                    yST.Add(aiTurning.ySTMedium);
                    yMT.Add(aiTurning.yMTMedium);
                    yLT.Add(aiTurning.yLTMedium);
                }
                else
                {
                    //Add the value calculated in the ySTClose
                    //variable in the aiTurning script to the yST list
                    //Do this for yMTClose into yMT and yLTClose into yLT as well
                    yST.Add(aiTurning.ySTClose);
                    yMT.Add(aiTurning.yMTClose);
                    yLT.Add(aiTurning.yLTClose);
                }

                //Check if the last waypoint the car hit was waypoint 1
                //Used for debugging
                if (distance == "Waypoint 1")
                {
                    Debug.Log("CAR VALUES");
                    Debug.Log("Distance: Far");
                    if (speed >= aiBraking.fastSpeed)
                        Debug.Log("Speed: " + speed + " = Fast");
                    else if (speed <= aiBraking.slowSpeed)
                        Debug.Log("Speed: " + speed + " = Slow");
                    else
                        Debug.Log("Speed: " + speed + " = Normal");
                }

                //Loop for the number of items added to yST
                for (int i = 0; i < yST.Count; i++)
                {
                    //Add the logarithms of the values stored in the yST list to perform the final naive bayes calculation
                    //The variables are added together in this case instead of being multiplied,
                    //This is done because to multiply the logarithms of numbers they need to be added together,
                    //It is required to add them together instead
                    //Then do the same for the mTurn and lTurn variables
                    sTurn += Math.Log10(yST[i]);
                    mTurn += Math.Log10(yMT[i]);
                    lTurn += Math.Log10(yLT[i]);
                }

                //Check if the last waypoint the car hit was waypoint 1
                //Used for debugging
                if (distance == "Waypoint 1")
                {
                    Debug.Log("Values Used for a Small Turn: " + Math.Log10(yST[2]) + ", " + Math.Log10(yST[1]) + ", " + Math.Log10(yST[0]));
                    Debug.Log("Values Used for a Medium Turn: " + Math.Log10(yMT[2]) + ", " + Math.Log10(yMT[1]) + ", " + Math.Log10(yMT[0]));
                    Debug.Log("Values Used for a Large Turn: " + Math.Log10(yLT[2]) + ", " + Math.Log10(yLT[1]) + ", " + Math.Log10(yLT[0]));

                    Debug.Log("Small Turning VALUE: " + sTurn + " Medium Turning VALUE: " + mTurn + " Large Turning VALUE: " + lTurn);
                }

                //Compare the sTurn, mTurn and lTurn variables
                if (sTurn > mTurn && sTurn > lTurn)
                    Debug.Log("SMALL TURN");
                else if (mTurn > sTurn && mTurn > lTurn)
                    Debug.Log("MEDIUM TURN");
                else if (lTurn > sTurn && lTurn > mTurn)
                    Debug.Log("LARGE TURN");
            }

            //Check if distance isn't null
            if (distance != null)
            {
                //Add the value calculated in the yesBrake 
                //variable in the aiTurning script to the yesBrake list
                yesBrake.Add(aiBraking.yesBrake);
                //Add the value calculated in the noBrake 
                //variable in the aiTurning script to the noBrake list
                noBrake.Add(aiBraking.noBrake);

                //Check if the AI car is moving slowly
                if (carSpeed == "SLOW")
                {
                    //Add the value calculated in the yesBrakeSlow 
                    //variable in the aiTurning script to the yesBrake list
                    //Do this for noBrakeSlow into noBrake as well
                    yesBrake.Add(aiBraking.yesBrakeSlow);
                    noBrake.Add(aiBraking.noBrakeSlow);
                }
                //Check if the AI car is moving fast
                else if (carSpeed == "FAST")
                {
                    //Add the value calculated in the yesBrakeFast
                    //variable in the aiTurning script to the yesBrake list
                    //Do this for noBrakeFast into noBrake as well
                    yesBrake.Add(aiBraking.yesBrakeFast);
                    noBrake.Add(aiBraking.noBrakeFast);
                }
                else
                {
                    //Add the value calculated in the yesBrakeNormal
                    //variable in the aiTurning script to the yesBrake list
                    //Do this for noBrakeNormal into noBrake as well
                    yesBrake.Add(aiBraking.yesBrakeNormal);
                    noBrake.Add(aiBraking.noBrakeNormal);
                }

                //Check if the AI car is far away from the corner
                if (carDistance == "FAR")
                {
                    //Add the value calculated in the yesBrakeFar
                    //variable in the aiTurning script to the yesBrake list
                    //Do this for noBrakeFar into noBrake as well
                    yesBrake.Add(aiBraking.yesBrakeFar);
                    noBrake.Add(aiBraking.noBrakeFar);
                }
                //Check if the AI car is a meidum distance from the corner
                else if (carDistance == "MEDIUM")
                {
                    //Add the value calculated in the yesBrakeMedium
                    //variable in the aiTurning script to the yesBrake list
                    //Do this for noBrakeMedium into noBrake as well
                    yesBrake.Add(aiBraking.yesBrakeMedium);
                    noBrake.Add(aiBraking.noBrakeMedium);
                }
                else
                {
                    //Add the value calculated in the yesBrakeClose
                    //variable in the aiTurning script to the yesBrake list
                    //Do this for noBrakeClose into noBrake as well
                    yesBrake.Add(aiBraking.yesBrakeClose);
                    noBrake.Add(aiBraking.noBrakeClose);
                }
            }

            //Loop for the number of items added to yesBrake
            for (int i = 0; i < yesBrake.Count; i++)
            {
                //Add the logarithms of the values stored in the brake list to perform the final naive bayes calculation
                //The variables are added together in this case instead of being multiplied,
                //This is done because to multiply the logarithms of numbers they need to be added together,
                //It is required to add them together instead
                //Then do the same for the dontBrake variables
                brake += Math.Log10(yesBrake[i]);
                dontBrake += Math.Log10(noBrake[i]);
            }

            //Check if the car hasn't reached the end of the corner
            if (aiCarDistanceHolder.endCorner == false)
            {
                h = 0;
            }
            else
            {
                //Check if turn is greater then dontTurn
                if (turn > dontTurn)
                {
                    //Compare the sTurn, mTurn and lTurn variables
                    if (sTurn > mTurn && sTurn > lTurn)
                    {
                        //Check if the AI car is on the 3rd or 5th turn
                        if (turnCount == 3 || turnCount == 5)
                            h = -0.3f; //Set h to -0.3 so the car turns left by a small amount
                        else
                            h = 0.3f; //Set h to 0.3 so the car turns left by a small amount
                    }
                    else if (mTurn > sTurn && mTurn > lTurn)
                    {
                        //Check if the AI car is on the 3rd or 5th turn
                        if (turnCount == 3 || turnCount == 5)
                            h = -0.6f; //Set h to -0.6 so the car turns left by a medium amount
                        else
                            h = 0.6f;//Set h to 0.6 so the car turns left by a medium amount
                    }
                    else if (lTurn > sTurn && lTurn > mTurn)
                    {
                        //Check if the AI car is on the 3rd or 5th turn
                        if (turnCount == 3 || turnCount == 5)
                            h = -1.0f; //Set h to -1.0 so the car turns left by a Large amount
                        else
                            h = 1.0f; //Set h to 1.0 so the car turns left by a Large amount
                    }
                }
                //Check if dontTunr is larger than turn
                else if (dontTurn > turn)
                {
                    h = 0; //Set h to 0 so the car doesn't rotate
                }
            }
            
            //Check if the end of the corner hasn't been hit
            if (aiCarDistanceHolder.endCorner == false)
            {
                //Check if angleCorrect isn't -1 so it hasn't been altered yet
                if (angleCorrect != -1)
                {
                    float angleDif = 0; //Used to store the difference between the y rotation of the car and the end of the corner
                    float tempCarAngle = 0; //Used to store the y rotation of the car

                    //Set tempCarAngle to be the same as the y rotation of the car
                    tempCarAngle = theCar.transform.eulerAngles.y;

                    //Check if the angleCorrect is 0
                    if (angleCorrect == 0)
                    {
                        if (tempCarAngle < 360 && tempCarAngle > 300)
                            angleCorrect = 360;
                    }
                    else
                    {
                        //Check if the tempCarAngle is less than 0
                        if (tempCarAngle < 0)
                            tempCarAngle = 360 + tempCarAngle;
                    }

                    //Set angleDif to be the difference between angleCorrect and tempCarAngle
                    angleDif = angleCorrect - tempCarAngle;

                    //Check if correctAngleChecker is 0
                    if (correctAngleChecker == 0)
                        correctAngleChecker = angleDif; //Set correctAngleChecker to angleDif

                    //Check if angleDif is greater than 0
                    if (angleDif > 0)
                    {
                        //Check if the AI car is on the opposite side of the correction angle than is started at
                        //So if the angleCorrection is 180 and the car is 189
                        //then if the car's rotation changes to be less than 180 turn right slightly
                        if (correctAngleChecker < 0 && angleDif > 0 || correctAngleChecker > 0 && angleDif < 0)
                            h = 0.1f; //Set h to 0.1 so the car turns right a little bit
                        else
                            h = 0.50f; //Set h to 0.5 so the car turns right a medium amount
                    }
                    else if (angleDif < 0)
                    {
                        //Check if the AI car is on the opposite side of the correction angle than is started at
                        //So if the angleCorrection is 190 and the car is 189
                        //then if the car's rotation changes to be greater than 190 turn left slightly
                        if (correctAngleChecker < 0 && angleDif > 0 || correctAngleChecker > 0 && angleDif < 0)
                            h = -0.1f; //Set h to 0.1 so the car turns left a little bit
                        else
                            h = -0.50f; //Set h to 0.5 so the car turns left a medium amount
                    }
                    else
                        h = 0; //Set h to 0 so the car doesn't turn
                }
                else
                {
                    h = 0; //Set h to 0 so the car doesn't turn
                }
                v = 1; //Set v to 1 so the car accelerates
            }
            else
            {
                //Check if brake is grater than dontBrake
                if (brake > dontBrake)
                {
                    v = -1; //Set v to -1 so the car brakes
                }
                else if (dontBrake > brake)
                {
                    v = 1; //Set v to 1 so the car accelerates
                }
            }

#if !MOBILE_INPUT

            m_Car.Move(h, v, v, 0f);
#else
            m_Car.Move(h, v, v, 0f);
#endif
        }
    }
}
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using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityStandardAssets.Vehicles.Car;
using System.IO;

public class AITurning : MonoBehaviour
{
    [SerializeField]
    private GameObject theCar; //Used to store the car gameobject so it's components can be viewed
    public string recordDirectory { get; private set; } //Used to store the location of the logged data to be read
    public float fastSpeed { private set; get; } //Used to store the speed that determines if the car is currently going fast or not
    public float mediumSpeed { private set; get; } //Used to store the speed that determines if the car is currently going at a medium speed or not
    public float slowSpeed { private set; get; } //Used to store the speed that determines if the car is currently going slow or not
    public float largeTurn { private set; get; } //Used to store the amount of turning that determines if the car is currently turning a lot
    public float mediumTurn { private set; get; } //Used to store the amount of turning that determines if the car is currently turning a medium amount
    public float smallTurn { private set; get; } //Used to store the amount of turning that determines if the car is currently turning a small amount
    public float yesTurnFast { private set; get; } //Used to store the probability of the car turning while going fast
    public float yesTurnNormal { private set; get; } //Used to store the probability of the car turning while going at a normal speed
    public float yesTurnSlow { private set; get; } //Used to store the probability of the car turning while going slow
    public float yesTurnFar { private set; get; } //Used to store the probability of the car turning while being far away from the corner
    public float yesTurnMedium { private set; get; } //Used to store the probability of the car turning while being a medium distance away from the corner
    public float yesTurnClose { private set; get; } //Used to store the probability of the car turning while being close to the corner
    public float yesTurn { private set; get; } //Used to store the amount of times the files say the car would turn divided by the total number of lines saved to the text files
    public float noTurnFast { private set; get; } //Used to store the probability of the car not turning while going fast
    public float noTurnNormal { private set; get; } //Used to store the probability of the car not turning while going at a normal speed
    public float noTurnSlow { private set; get; } //Used to store the probability of the car not turning while going slow
    public float noTurnFar { private set; get; } //Used to store the probability of the car not turning while being far away from the corner
    public float noTurnMedium { private set; get; } //Used to store the probability of the car not turning while being at a medium distance away from the corner
    public float noTurnClose { private set; get; } //Used to store the probability of the car not turning while being close to the corner
    public float noTurn { private set; get; } //Used to store the amount of times the files say the car wouldn't turn divided by the total number of lines saved to the text files

    public float ySTFast { private set; get; } //Used to store the probability of the car turning a small amount while going fast
    public float ySTNormal { private set; get; } //Used to store the probability of the car turning a small amount while going at a normal speed
    public float ySTSlow { private set; get; } //Used to store the probability of the car turning a small amount while going slow
    public float ySTFar { private set; get; } //Used to store the probability of the car turning a small amount while being far away from the corner
    public float ySTMedium { private set; get; } //Used to store the probability of the car turning a small amount while being a medium distance away from the corner
    public float ySTClose { private set; get; } //Used to store the probability of the car turning a small amount while being close to the corner
    public float yST { private set; get; } //Used to store the amount of times the files say the car would turn a small amount divided by the total number of yesTurns

    public float yMTFast { private set; get; } //Used to store the probability of the car turning a medium amount while going fast
    public float yMTNormal { private set; get; } //Used to store the probability of the car turning a medium amount while going at a normal speed
    public float yMTSlow { private set; get; } //Used to store the probability of the car turning a medium amount while going slow
    public float yMTFar { private set; get; } //Used to store the probability of the car turning a medium amount while being far away from the corner
    public float yMTMedium { private set; get; } //Used to store the probability of the car turning a medium amount while being a medium distance away from the corner
    public float yMTClose { private set; get; } //Used to store the probability of the car turning a medium amount while being close to the corner
    public float yMT { private set; get; } //Used to store the amount of times the files say the car would turn a medium amount divided by the total number of yesTurns

    public float yLTFast { private set; get; } //Used to store the probability of the car turning a large amount while going fast
    public float yLTNormal { private set; get; } //Used to store the probability of the car turning a large amount while going at a normal speed
    public float yLTSlow { private set; get; } //Used to store the probability of the car turning a large amount while going slow
    public float yLTFar { private set; get; } //Used to store the probability of the car turning a large amount while being far away from the corner
    public float yLTMedium { private set; get; } //Used to store the probability of the car turning a large amount while being a medium distance away from the corner
    public float yLTClose { private set; get; } //Used to store the probability of the car turning a large amount while being close to the corner
    public float yLT { private set; get; } //Used to store the amount of times the files say the car would turn a large amount divided by the total number of yesTurns

    // Start is called before the first frame update
    void Start()
    {
        List<float> speedList = new List<float>(); //Used to store the speed values read in from the log files
        List<string> trueSpeedList = new List<string>(); //Used to store the speed values in string form

        List<string> distanceList = new List<string>(); //Used to store the distance values read in from the log files
        List<string> trueDistanceList = new List<string>(); //Used to store the distance values in string form

        List<float> turnList = new List<float>(); //Used to store the turn values read in from the log files
        List<string> trueTurnList = new List<string>(); //Used to store the turn values in string form

        //Variables used to store the total amount of each from the data read in from the files
        float ySFast = 0, ySNormal = 0, ySSlow = 0;
        float ySFar = 0, ySMedium = 0, ySClose = 0;
        float yS = 0;

        float yMFast = 0, yMNormal = 0, yMSlow = 0;
        float yMFar = 0, yMMedium = 0, yMClose = 0;
        float yM = 0;

        float yLFast = 0, yLNormal = 0, yLSlow = 0;
        float yLFar = 0, yLMedium = 0, yLClose = 0;
        float yL = 0;

        float yTurnFast = 0, yTurnNormal = 0, yTurnSlow = 0;
        float yTurnFar = 0, yTurnMedium = 0, yTurnClose = 0;

        float yTurn = 0;

        float nTurnFast = 0, nTurnNormal = 0, nTurnSlow = 0;
        float nTurnFar = 0, nTurnMedium = 0, nTurnClose = 0;

        float nTurn = 0;

        string[] splitRecord; //Used to split a string

        int fileCounter = 1; //Stores the total number of files to be read

        while (true)
        {
            recordDirectory = Application.dataPath + "\\Recorded Data\\Record" + fileCounter; //Set recordDirectory to the location of a record folder

            //Check if the folder doesn't exist
            if (!Directory.Exists(recordDirectory))
            {
                break; //Exit the for loop
            }
            else
            {
                fileCounter++; //Increment the filrCounter by 1
            }
        }

        //Loop for the number of files found
        for (int i = 1; i < fileCounter; i++)
        {
            string path = Application.dataPath + "\\Recorded Data\\Record" + i + "\\Turning.txt"; //Set path to the location of the Braking text file in the current record folder being looked at

            //Open the file to be read from
            using (StreamReader sr = new StreamReader(path))
            {
                //Loop while the end of the file hasn't been found
                while (sr.Peek() >= 0)
                {
                    splitRecord = sr.ReadLine().Split(','); //Split the line read in from the file at the commas

                    distanceList.Add(splitRecord[0]); //Add the first part of the line to the distanceList
                    speedList.Add(float.Parse(splitRecord[1])); //Add the second part of the line to the speedList after converting it to a float
                    turnList.Add(float.Parse(splitRecord[2])); //Add the third part of the line to the turnList

                    //Check if the turn value read in from the file is a value other than 0
                    if (float.Parse(splitRecord[2]) != 0.0)
                    {
                        trueTurnList.Add("True"); //Add the text True to the trueTurnList list
                    }
                    else
                    {
                        trueTurnList.Add("False"); //Add the text False to the trueTurnList list
                    }
                }
            }
        }

        float averageSpeed = 0; //Used to store the average speed of the all the speeds read in from the files
        float maxSpeed = 0; //Used to store the max speed calculated using the average speed and the fastest speed
        float minSpeed = 0; //Used to store the minimum speed calculated using the average speed and the slowest speed

        //Loop for the number of items in the speedList
        for (int i = 0; i < speedList.Count; i++)
        {
            averageSpeed += speedList[i]; //Add the speed being looked at to the averageSpeed

            //Check if the speed being looked at is larger than the current stored maxSpeed
            if (speedList[i] > maxSpeed)
                maxSpeed = speedList[i]; //Set maxSpeed to the speed being looked at
            else
            {
                //Check if the speed being looked at is less than the current stored minSpeed
                if (speedList[i] < minSpeed)
                    minSpeed = speedList[i]; //Set minSpeed to the speed being looked at
                else if (minSpeed == 0) //Check if this is the first speed being looked
                    minSpeed = speedList[i]; //Set the starting value of minSpeed
            }
        }

        float dif; //Used to calculate the mediumSpeed and the slowSpeed

        averageSpeed /= speedList.Count; //Divide all the speeds added together by the total number of speeds to get the average speed

        mediumSpeed = averageSpeed; //Set mediumSpeed to be the same as the averageSpeed

        dif = mediumSpeed - minSpeed; //Calculate the difference between the mediumSpeed and the minSpeed

        slowSpeed = averageSpeed - (dif / 2); //Calculate slowSpeed by subtracted the difference between the mediumSpeed and minSpeed divided by 2 from the averageSpeed to give a range (Slowest speed to this value = slow)

        dif = maxSpeed - mediumSpeed; //Calculate the difference between the mediumSpeed and the maxSpeed

        fastSpeed = averageSpeed + (dif / 2); //Calculate fastSpeed by subtracted the difference between the mediumSpeed and maxSpeed divided by 2 from the averageSpeed to give a range (Fastest speed to this value = fast)

        //Loop for the number of distances stored
        for (int i = 0; i < distanceList.Count; i++)
        {
            //Check if the current record being looked at has the car turning
            if (trueTurnList[i] == "True")
            {
                yTurn++; //Increment yTurn by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    //Add the string SLOW to the trueSpeedList
                    trueSpeedList.Add("SLOW");
                    yTurnSlow++; //Increment yTurnSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    //Add the string FAST to the trueSpeedList
                    trueSpeedList.Add("FAST");
                    yTurnFast++; //Increment yTurnFast by 1
                }
                else
                {
                    //Add the string NORMAL to the trueSpeedList
                    trueSpeedList.Add("NORMAL");
                    yTurnNormal++; //Increment yTurnNormal by 1
                }

                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    //Add the string FAR to the trueDistanceList
                    trueDistanceList.Add("FAR");
                    yTurnFar++; //Increment yTurnFar by 1
                }
                //Check if the current record being looked at has the car at Waypoint 3 or Waypoint 4
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    //Add the string MEDIUM to the trueDistanceList
                    trueDistanceList.Add("MEDIUM");
                    yTurnMedium++; //Increment yTurnMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 5 or Waypoint 6
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    //Add the string CLOSE to the trueDistanceList
                    trueDistanceList.Add("CLOSE");
                    yTurnClose++; //Increment yTurnClose by 1
                }
            }
            else
            {
                nTurn++; //Increment nTurn by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    //Add the string SLOW to the trueSpeedList
                    trueSpeedList.Add("SLOW");
                    nTurnSlow++; //Increment nTurnSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    //Add the string FAST to the trueSpeedList
                    trueSpeedList.Add("FAST");
                    nTurnFast++; //Increment nTurnFast by 1
                }
                else
                {
                    //Add the string NORMAL to the trueSpeedList
                    trueSpeedList.Add("NORMAL");
                    nTurnNormal++; //Increment nTurnNormal by 1
                }

                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    //Add the string FAR to the trueDistanceList
                    trueDistanceList.Add("FAR");
                    nTurnFar++; //Increment nTurnFar by 1
                }
                //Check if the current record being looked at has the car at Waypoint 3 or Waypoint 4
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    //Add the string MEDIUM to the trueDistanceList
                    trueDistanceList.Add("MEDIUM");
                    nTurnMedium++; //Increment nTurnMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 5 or Waypoint 6
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    //Add the string CLOSE to the trueDistanceList
                    trueDistanceList.Add("CLOSE");
                    nTurnClose++; //Increment nTurnClose by 1
                }
            }
        }

        yesTurn = yTurn / distanceList.Count; //Calculate the probability of turning
        noTurn = nTurn / distanceList.Count; //Calculate the probability of not turning

        yesTurnClose = yTurnClose / yTurn; //Calculate the probability of turning while the car is close
        yesTurnMedium = yTurnMedium / yTurn; //Calculate the probability of turning while the car is at a medium distance
        yesTurnFar = yTurnFar / yTurn; //Calculate the probability of turning while the car is far

        noTurnClose = nTurnClose / nTurn; //Calculate the probability of not turning while the car is close
        noTurnMedium = nTurnMedium / nTurn; //Calculate the probability of not turning while the car is at a medium distance
        noTurnFar = nTurnFar / nTurn; //Calculate the probability of not turning while the car is far

        yesTurnFast = yTurnFast / yTurn; //Calculate the probability of turning while the car is fast
        yesTurnNormal = yTurnNormal / yTurn; //Calculate the probability of turning while the car is moving at a medium speed
        yesTurnSlow = yTurnSlow / yTurn; //Calculate the probability of turning while the car is slow

        noTurnFast = nTurnFast / nTurn; //Calculate the probability of not turning while the car is fast
        noTurnNormal = nTurnNormal / nTurn; //Calculate the probability of not turning while the car is moving at a medium speed
        noTurnSlow = nTurnSlow / nTurn; //Calculate the probability of not turning while the car is slow

        float maxTurn = 0; //Used to store the largest turn recorded
        float averageTurn = 0; //Used to store the average turning value
        float minTurn = 0; //Used to store the smallest turn recorded
        float posTurn; //Used as a temporary value equaling each turnList as needed

        //Loop for the number of items in the turnList
        for (int i = 0; i < turnList.Count; i++)
        {
            //set posTurn to be the value of the current turnList being looked at
            posTurn = turnList[i];

            //Check if the turn value is a negative value
            if (posTurn < 0)
                posTurn *= -1; //Make posTurn into a positive value

            averageTurn += posTurn; //Add posTurn to the averageTurn

            //Check if posTurn is greater than the current highest recorded turn
            if (posTurn > maxTurn)
                maxTurn = posTurn; //Set maxTurn to be equal to posTurn
            else
            {
                //Check if posTurn is less than the lowest recorded turn but still greater than 0
                if (posTurn < minTurn && posTurn > 0.0)
                    minTurn = posTurn; //Set minTurn to be equal to posTurn
                else if (minTurn == 0.0) //Check if minTurn currently equals 0
                    minTurn = posTurn; //Set minTurn to be equal to posTurn
            }
        }

        averageTurn /= turnList.Count; //Divide all the turns added together by the total number of turns to get the average

        dif = averageTurn - minTurn; //Set dif to be the difference between the averageTurn and the minTurn

        smallTurn = averageTurn - (dif / 2); //Calculate smallTurn by subtracting half of dif from the averageTurn

        dif = maxTurn - averageTurn; //Set dif to be the difference between the maxTurn and the averageTurn

        largeTurn = averageTurn + (dif / 2); //Calculate largeTurn by adding half of dif to the averageTurn

        //Loop for the total number of turns in the turnList
        for (int i = 0; i < turnList.Count; i++)
        {
            //Check if the turn value being looked at is a negative
            if (turnList[i] < 0)
                turnList[i] *= -1; //Set the value to be a positive

            //Check if the turn being looked at is a large turn
            if (turnList[i] >= largeTurn)
            {
                yL++; //Increment yL by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    yLSlow++; //Increment yLSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    yLFast++; //Increment yLFast by 1
                }
                else
                {
                    yLNormal++; //Increment yLNormal by 1
                }

                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    yLFar++; //Increment yLFar by 1
                }
                //Check if the current record being looked at has the car at Waypoint 3 or Waypoint 4
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    yLMedium++; //Increment yLMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 5 or Waypoint 6
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    yLClose++; //Increment yLClose by 1
                }
            }
            //Check if the turn being looked at is a small turn and is greater than 0
            else if (turnList[i] <= smallTurn && turnList[i] > 0)
            {
                yS++; //Increment yS by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    ySSlow++; //Increment ySSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    ySFast++; //Increment ySFast by 1
                }
                else
                {
                    ySNormal++; //Increment ySNormal by 1
                }

                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    ySFar++; //Increment ySFar by 1
                }
                //Check if the current record being looked at has the car at Waypoint 3 or Waypoint 4
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    ySMedium++; //Increment ySMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 5 or Waypoint 6
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    ySClose++; //Increment ySClose by 1
                }
            }
            //Check if the turn being looked at is a medium turn
            else if (turnList[i] < largeTurn && turnList[i] > smallTurn)
            {
                yM++; //Increment yM by 1

                //Check if the current record being looked at has the car moving slowly
                if (speedList[i] <= slowSpeed)
                {
                    yMSlow++; //Increment yMSlow by 1
                }
                //Check if the current record being looked at has the car moving fast
                else if (speedList[i] >= fastSpeed)
                {
                    yMFast++; //Increment yMFast by 1
                }
                else
                {
                    yMNormal++; //Increment yMNormal by 1
                }

                //Check if the current record being looked at has the car at Waypoint 1 or Waypoint 2
                if (distanceList[i] == "Waypoint 1" || distanceList[i] == "Waypoint 2")
                {
                    yMFar++; //Increment yMFar by 1
                }
                //Check if the current record being looked at has the car at Waypoint 3 or Waypoint 4
                if (distanceList[i] == "Waypoint 3" || distanceList[i] == "Waypoint 4")
                {
                    yMMedium++; //Increment yMMedium by 1
                }
                //Check if the current record being looked at has the car at Waypoint 5 or Waypoint 6
                if (distanceList[i] == "Waypoint 5" || distanceList[i] == "Waypoint 6")
                {
                    yMClose++; //Increment yMClose by 1
                }
            }
        }

        yST = yS / yTurn; //Calculate the probability of the car turning a small amount when turning
        yMT = yM / yTurn; //Calculate the probability of the car turning a medium amount when turning
        yLT = yL / yTurn; //Calculate the probability of the car turning a large amount when turning

        ySTClose = ySClose / yS; //Calculate the probability of the car turning a small amount while the car is close and turning
        ySTMedium = ySMedium / yS; //Calculate the probability of the car turning a small amount while the car is at a medium distance and turning
        ySTFar = ySFar / yS; //Calculate the probability of the car turning a small amount while the car is far and turning

        yMTClose = yMClose / yM; //Calculate the probability of the car turning a medium amount while the car is close and turning
        yMTMedium = yMMedium / yM; //Calculate the probability of the car turning a medium amount while the car is at a medium distance and turning
        yMTFar = yMFar / yM; //Calculate the probability of the car turning a medium amount while the car is far and turning

        yLTClose = yLClose / yL; //Calculate the probability of the car turning a large amount while the car is close and turning
        yLTMedium = yLMedium / yL; //Calculate the probability of the car turning a large amount while the car is at a medium distance and turning
        yLTFar = yLFar / yL; //Calculate the probability of the car turning a large amount while the car is far and turning

        ySTFast = ySFast / yS; //Calculate the probability of the car turning a small amount while the car is fast and turning
        ySTNormal = ySNormal / yS; //Calculate the probability of the car turning a small amount while the car is moving at a normal speed and turning
        ySTSlow = ySSlow / yS; //Calculate the probability of the car turning a small amount while the car is slow and turning

        yMTFast = yMFast / yM; //Calculate the probability of the car turning a medium amount while the car is fast and turning
        yMTNormal = yMNormal / yM; //Calculate the probability of the car turning a medium amount while the car is moving at a normal speed and turning
        yMTSlow = yMSlow / yM; //Calculate the probability of the car turning a medium amount while the car is slow and turning

        yLTFast = yLFast / yL; //Calculate the probability of the car turning a large amount while the car is fast and turning
        yLTNormal = yLNormal / yL; //Calculate the probability of the car turning a large amount while the car is moving at a normal speed and turning
        yLTSlow = yLSlow / yL; //Calculate the probability of the car turning a large amount while the car is slow and turning

        Debug.Log("TEST VALUES");
        Debug.Log("SMALL TURNING: " + yST + " MEDIUM TURNING: " + yMT + " LARGE TURNING: " + yLT);

        Debug.Log("Turn Fast Small: " + ySTFast + " Turn Fast Medium: " + yMTFast + " Turn Fast Large" + yLTFast);
        Debug.Log("Turn Normal Small: " + ySTNormal + " Turn Normal Medium: " + yMTNormal + " Turn Normal Large" + yLTNormal);
        Debug.Log("Turn Slow Small: " + ySTSlow + " Turn Slow Medium: " + yMTSlow + " Turn Slow Large" + yLTSlow);

        Debug.Log("Turn Close Small: " + ySTClose + " Turn Close Medium: " + yMTClose + " Turn Close Large" + yLTClose);
        Debug.Log("Turn Medium Small: " + ySTMedium + " Turn Medium Medium: " + yMTMedium + " Turn Medium Large" + yLTMedium);
        Debug.Log("Turn Far Small: " + ySTFar + " Turn Far Medium: " + yMTFar + " Turn Far Large" + yLTFar);
    }
}
[bookmark: _Toc7609926]AIWaypointChecker
using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class AIWaypointChecker : MonoBehaviour
{
    [SerializeField]
    private GameObject car; //Used to store the car gameobject so it's components can be viewed
    
    //Enter if there's a collision
    private void OnTriggerEnter(Collider col)
    {
        //Set the distance variable in the AICarDistanceHolder script attached to the car object to
        //equal the name of the object this script is attached to
        car.GetComponent<AICarDistanceHolder>().distance = this.gameObject.name;
    }
}

[bookmark: _Toc7609927]CornerIndicatorScript
using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class CornerIndicatorScript : MonoBehaviour
{
    [SerializeField]
    private GameObject theCar; //Used to store the car gameobject so it's components can be viewed

    //Enter if there's a collision
    private void OnTriggerEnter(Collider col)
    {
        //Set the endCorner variable in the AICarDistanceHolder script attached to the car object to true
        theCar.GetComponent<AICarDistanceHolder>().endCorner = true;
    }
}

[bookmark: _Toc7609928]EndCornerScript
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityStandardAssets;
using UnityStandardAssets.Vehicles.Car;
using System.IO;

public class EndCornerScript : MonoBehaviour {

    [SerializeField]
    private GameObject theCar; //Used to store the car gameobject so it's components can be viewed

    //Enter if there's a collision
    private void OnTriggerEnter(Collider col)
    {
        //Set the endCorner variable in the AICarDistanceHolder script attached to the car object to false
        theCar.GetComponent<AICarDistanceHolder>().endCorner = false;

        //Set the distance variable in the AICarDistanceHolder script attached to the car object to
        //equal End of Corner, which tells the car that it's reached the end of the corner
        theCar.GetComponent<AICarDistanceHolder>().distance = "End of Corner";

        //Set the angleCorrect variable in the AICarDistanceHolder script attached to the car object to
        //the rotation in the y axis of the object this script is attached to
        theCar.GetComponent<AICarDistanceHolder>().angleCorrect = this.gameObject.transform.eulerAngles.y;
    }
}
[bookmark: _Toc7609929]FinishLine
using System.Collections;
using System.Collections.Generic;
using UnityEngine;

public class FinishLine : MonoBehaviour
{
    [SerializeField]
    private GameObject theCar; //Used to store the car gameobject so it's components can be viewed

    //Enter if there's a collision
    private void OnTriggerEnter(Collider col)
    {
        //Set the finshLine variable in the AICarDistanceHolder script attached to the car object to true
        theCar.GetComponent<AICarDistanceHolder>().finishLine = true;

        //Move the object this script is attached to down so it can't be seen or interacted with anymore
        this.gameObject.transform.Translate(0, -100, 0, Space.Self);
    }
}
[bookmark: _Toc7609930]PhysicsRecorder
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityStandardAssets;
using UnityStandardAssets.Vehicles.Car;
using System.IO;

public class PhysicsRecorder : MonoBehaviour
{

    public string recordDirectory { get; private set; } //Used to store the location of the files to be altered during this run of the project
    public string pathMovement { get; private set; } //Used to store the exact location of the braking file being written to and the file name
    public string turnMovement { get; private set; } //Used to store the exact location of the turning file being written to and the file name
    public int numberOfRecords { get; private set; } //Used to keep track of the number of files created so far so the AI knows how many files to read later

    // Use this for initialization
    void Start()
    {
        int fileCounter = 1;

        //Loop forever until it has created a new file
        while (true)
        {
            recordDirectory = Application.dataPath + "\\Recorded Data\\Record" + fileCounter; //Set recordDirectory to the location of the record folder coresponding to the count in the loop

            //Check if the folder doesn't exist
            if (!Directory.Exists(recordDirectory))
            {
                Directory.CreateDirectory(recordDirectory); //Create the folder since it doesn't exist yet

                pathMovement = recordDirectory + "\\Braking.txt"; //Set pathMovement to be the newly made location of the braking text file
                turnMovement = recordDirectory + "\\Turning.txt"; //Set turnMovement to be the newly made location of the turning text file

                File.Create(pathMovement); //Create the new braking file
                File.Create(turnMovement); //Create the new turning file

                break; //Exit the for loop
            }
            else
            {
                fileCounter++; //Increment the fileCounter by 1
            }
        }

        numberOfRecords = fileCounter; //Set the public numberOfRecords variable to store the number of files
    }
}
[bookmark: _Toc7609931]PlayerControlled
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityEngine.SceneManagement;

public class PlayerControlled : MonoBehaviour {

    public void playerControlled()
    {
        SceneManager.LoadScene("Player Controlled"); //Load the Player car controller scene
    }

    public void aiControlled()
    {
        SceneManager.LoadScene("AI Controlled"); //Load the AI car controller scene
    }
}
[bookmark: _Toc7609932]UI
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityStandardAssets.Vehicles.Car;
using UnityEngine.UI;

public class UI : MonoBehaviour {

    [SerializeField]
    private Text speed; //Used to store the speed text to be output on the screen
    [SerializeField]
    private Text lap; //Used to store the lap text to be output on the screen
    [SerializeField]
    private GameObject theCar; //Used to store the car gameobject so it's components can be viewed

    private Vector3 carVelocity;  //Used to grab and store the car's current velocity

    private float actualSpeed; //Used to store the current speed of the car

    // Use this for initialization
    void Start()
    {
    }

    // Update is called once per frame
    void Update()
    {
        //Grab the velocity on the rigidbody of the car
        carVelocity = theCar.GetComponent<Rigidbody>().velocity;

        //Use pythagoras to determine the speed of the car
        actualSpeed = (float)System.Math.Sqrt((carVelocity.x * carVelocity.x) + (carVelocity.y * carVelocity.y) + (carVelocity.z * carVelocity.z));

        //Set the speed text to be the Speed: and the speed of the car
        speed.text = "Speed: " + System.Math.Round(actualSpeed, 2).ToString();

        //Set the lap text to be the Lap: and the current lap the car is on
        lap.text = "Lap: " + theCar.GetComponent<AIController>().lapCount;
    }
}
[bookmark: _Toc7609933]WaypointRecorder
using System.Collections;
using System.Collections.Generic;
using UnityEngine;
using UnityStandardAssets;
using UnityStandardAssets.Vehicles.Car;
using System.IO;

public class WaypointRecorder : MonoBehaviour
{

    [SerializeField]
    private GameObject theCar; //Used to store the car gameobject so it's components can be viewed

    [SerializeField]
    private GameObject recorder; //Used to store the recorder gameobject so it's components can be viewed

    private PhysicsRecorder record; //Used to get the record script component from the recorder game object

    private float currentVelocity; //Used to calculate the current velocity of the car

    private CarController carController; //Used to get the CarController script component from the car game object
    
    private bool completed = false; //Used to determine if the waypoint has already been hit by the car
    private void OnTriggerEnter(Collider col)
    {
        //Check if the checkpoint hasn't already been done
        if (!completed)
        {
            //Destroy(this.gameObject); //Destroy the waypoint with this script attached to it

            completed = true; //Set completed to be true so the car can't hit it again
            carController = theCar.GetComponent<CarController>(); //Grab the car's CarController component
            record = recorder.GetComponent<PhysicsRecorder>(); //Grab the recorder's PhysicsRecorder component

            //############################SAVE BRAKE FILE################################################
            StreamWriter wBrake = File.AppendText(record.pathMovement); //Open the braking file to be wrote to

            bool braking = false; //Used to determine if the car is currently braking or not
            bool paused = false; //Used to determine if the car is not braking or accelerating

            //Check if the car is accelerating
            if (carController.accelIn > 0)
                braking = false; //Set braking to false
            else if (carController.accelIn < 0) //Check if the car is braking
                braking = true; //Set braking to true
            else
                paused = true; //Set paused to true

            //Calculate the current velocity of the car by grabbing its current velocities in the x, y, and z and then performing pythagoras with them
            currentVelocity = (float)System.Math.Sqrt((theCar.GetComponent<Rigidbody>().velocity.x *
                theCar.GetComponent<Rigidbody>().velocity.x) + (theCar.GetComponent<Rigidbody>().velocity.y *
                theCar.GetComponent<Rigidbody>().velocity.y) + (theCar.GetComponent<Rigidbody>().velocity.z *
                theCar.GetComponent<Rigidbody>().velocity.z));

            //Check if the car isn't braking or accelerating
            if (paused == false)
                wBrake.WriteLine(this.gameObject.name + "," + currentVelocity + "," + braking); //Write the name of the waypoint the car has hit, the current velocity of the car and whether or not the car is braking to the file
            else
                wBrake.WriteLine(this.gameObject.name + "," + currentVelocity + "," + "paused"); //Write the name of the waypoint the car has hit, the current velocity of the car and paused to say that the car wasn't braking or accelerating
            //############################SAVE BRAKE FILE################################################

            //############################SAVE TURN FILE#################################################
            StreamWriter wTurn = File.AppendText(record.turnMovement); //Open the turning file to be wrote to

            float steer; //Used to store the turning value of the car

            //Check if the car is turning left
            if (carController.steeringIn < 0)
                steer = carController.steeringIn * -1; //Set steer to be equal to the steering value of the car multiplied by -1 to make it positive
            else
                steer = carController.steeringIn; //Set steer to be equal to the steering value of the car

            wTurn.WriteLine(this.gameObject.name + "," + currentVelocity + "," + steer); //Write the name of the waypoint the car has hit, the current velocity of the car and the steering value of the car
            //############################SAVE TURN FILE#################################################

            //Close both of the files that were opened
            wBrake.Close();
            wTurn.Close();
        }
    }
}
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[09:56:31] Turn Far Small: 05306122 Turn Far Medium: 0.4141414 Turn Far Large0.1918605
UnityEngine.Debug:Log(Object)




image41.PNG
Expected Outcome

‘small Turn -1.826130201
Medium Turn -1.609247715
Large Turn -1.92113449

output: Medium Turn




image42.PNG
[17:45:34] CAR VALUES
UnityEngine.Debug:Log(Object)

[17:45:34] Distance: Far
UnityEngine.Debug:Log(Object)

[17:45:34] Speed: 30.108105358270f
UnityEngine.Debug:Log(Object)
[17:45:34] Values Used for a Small Turn: -0.275222744005066, -0.735953566274861, -0,814953889838831

UnityEngine.Debug:Log(Object)

[17:45:34] Values Used for a Medium Turn: -0.382851335352354, -0.716881591941697, -0,50951480045672

UnityEngine.Debug:Log(Object)

[17:45:34] Values Used for a Large Turn: -0.717014502323122, -0.934498438947733, -0.269621512148381

UnityEngine.Debug:Log(Object)

[17:45:34] Small Turning VALUE: -1.82613020011876 Medium Turning VALUE: -1.60924772775077 Large Turning VALUE: -1,92113445341924
UnityEngine.Debug:Log(Object)

[17:45:34] MEDIUM TURN
UnityEngine .Debug:Log(Object)

Fast
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