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[bookmark: _Toc7609441]1.0 Abstract

The main aim of this project is to develop an artificial intelligence that is capable of driving the vehicle around the race track by using the end users logged data for its main source of information and this would mean the artificial intelligence would mimic how the end-user would drive around the track by taking in several data from the end-user. The project will be developpe in Unity 5 and Visual Studio, the main reason for this is Unity 5 It has a familiar use so it will be used and since the programming need an application so Visual Studio will be used for the program to developpe the artificial intelligence. The programming language that would be used for the artificial intelligence is basically C# the main reason for this is since Unity 5 only uses a few programming languages C# seems to be the wise choice to be used for defaulting the artificial intelligence  
[bookmark: _Hlk7603720]There will be research that will be used to gain knowledge how machine learning works by search gathering information on different sources, such as using books and online sources to research how machine learning works and by creating a literature review to see how machine learning also known as artificial intentions is use within different techniques. By looking at a brief history on artificial intelligence, such as how people have used it over the years end and learning what each of these machine learnings algorithms are capable by looking at what type of strengths and weaknesses they have. Here is the different type of machine learning that has been research such as Artificial Neuron Networks, Naive Bayes Classifier, Reinforce Learning, Decision Tree Learning and these are the main subject that has been undergoing to research what each one does.





[bookmark: _Toc7609442]2.0 Introduction

The main purpose of this project is to develop an artificial intelligence that is capable of mimic in the end-user data and this is done by taking in several data of the end-user data while driving around the race track several times, such as the main research that has being gathered Is information about different types of machine learning algorithms and these algorithms are Artificial Neuron Networks, Naive Bayes Classifier, Reinforce Learning and Decision Tree Learning. Not only this document speaks about these different algorithms it also speaks about the history of how artificial intelligence was developed over the course of the years that people have be felt different type of machine learning algorithms. 
Basically, the main aim for this project is a develop an artificial intelligence That is capable of driving a vehicle around the race track that is able to mimic how the end-user would drive around a track by taking in the data from the end-user. The objectives Is basely creating an artificial intelligence that is default in Unity 5 and visual studios by using C# to develop this machine learning algorithm, the type of machine learning algorithm will be used is Naive Bayes Classifier For the artificial intelligence to take the information from the end-user data to use it for taking the vehicle around the race track.
Basically this document is going to have information about the literature review And this Will have information on machine learning algorithms Such as a brief history on machine learning algorithms how to use over the years of people using does algorithm for various different projects ends business applications, Not only it speaks about a brief history of machine learning algorithms it will also have details on 4 different artificial intelligence, such as what is different algorithm to use and what their strengths and weaknesses are. This document will also contain aims and objectives basically speaking about what the aims are going to be for this project and with the objectives are, Will also speak about research methods that would be use others project and development methodology. There will be a conclusion how this project went and are reflected on how well they have done on this project.

[bookmark: _Toc7609443][bookmark: _Hlk7596077]3.0 Literature Review

[bookmark: _Toc7609444]3.1 Introduction

In this section will be explaining artificial intelligence and different types of algorithms that can be used, such as Artificial Neural Network, Naive Bayes Classifier, Reinforcement Learning and Decision Tree Learning. This section will explain how artificial intelligence was used over the course of the history and it will explain how people have used artificial intelligence as such within the gaming industry and robotics, also it will be explained how artificial intelligence has evolved over the past years. Not only explaining a brief history of artificial intelligence also how companies have used it such as IBM and Google. IBM has created a machine learning algorithm able to compete with professional chess players (it was called Deep Blue). Google has created their own machine learning algorithm that was using a Chinese board game known as go to face go players and it was called AlphaGo[1][2]. This report shall explain what each machine learning algorithm compared to each other such as decision tree learned by making decision while reinforcement learning learnt by a reward and punishment system and explaining what type of strengths and weaknesses artificial intelligence has. This report will have some information on the physics engine such as brief history and how it is used, for example it is used to give a realistic feel to the end-user and it can help the artificial intelligence to give it a realistic situation, as such within a racing car artificial intelligence would use the physics engine to navigate through the track[3]. The history of the physics engine explain how it is used throughout the years it would developer for, such as it was first used in military for artillery shell and now physics engine used within games[4][5].

[bookmark: _Toc7609445]3.2 Artificial Intelligence

[bookmark: _Hlk525395561]Artificial intelligence (A.I.), also known as machine learning that has the ability of a digital computer or a computer that controls a robot to allow it to be capable of performing task and this could be associated with intelligent beings such as humans and animals[6]. This means of developing a system with intelligent processes that to try to mimic characteristics of humans such as:

· [bookmark: _Hlk525395659]Reason: - The artificial intelligence to make decisions to justify what task it should take to complete[6].

· Understanding: - Discovering and understanding what the meaning of certain things such as Artificial intelligence could be programmed to understand and discover meaning to new things[6].

· Experience: - Learning from past experience such as artificial intelligence could learn from their mistakes and correct from it to improve[6].

The software of computers was Has been developed since the 1940’s, computers has the capability to be programmed to do certain tasks such as carry out complex mathematical equations, an example of this is the mathematical can be used for playing chess against human players[6]. An example of artificial intelligence at work when playing chess is deep blue it was developed to play against championship players in a game of chess and it was developed by a company called IBM also known as International Business Machines, this was the first computer that was developed to win in both a chess game and a chess match and this computer was going against chess champions under a regulated time control[1].

The main advantages of artificial intelligence over the past 70 years would be its algorithm when it comes to searching, machine learning algorithm and integrating statistical analysis when it comes to understanding their world in short, a library of holding an information[7]. Within artificial intelligence breakthroughs have been very good, but they haven't been noticed by a lot of people[7], as such people don't really notice how much artificial intelligence has evolved over the years and people will start to notice a big difference with artificial intelligence when machines have the capability to show expressions like human beings[7]. As such if people will work in the Tech industry will have noticed that artificial intelligence has evolved over the past years[7]. In the University of Reading a computer was programmed with artificial intelligence to simulate a teenage boy to test human beings to tell if this program is a machine or another human being and this experiment would use to see if people can tell the difference between a human and a machine[8]. This experiment was based on a person known as Alan Turing's and his game known as ‘can machines think’ with a question and answer game known as can machines think[8]. No other computers have passed the test known as ‘can machines think’ before under these conditions, it as be reported by some experts who are expert to artificial intelligence as disagree when it comes to the chatbot's because it had as be in favour to the chatbot[8].
	
Another type of computer program that was developed to beat a player in this game was a game called Go and the artificial intelligence defeated this player 3 to 0 and the artificial intelligence was developed by Google to see if the artificial intelligence can defeat the best players in this Chinese board game[2]. This board game was more challenging than the game known as chess and they say artificial intelligence is known as AlphaGo[2]. The artificial intelligence faced the world champion at this Go board game and was successful beating them in every round without losing[2], by reading this article it seems artificial intelligence has a great potential to carry on evolving even further within the games much quickly[2]. Not only artificial intelligence can be used within board games it's also uses within the game industry to give players a full immersion within the game such as the game series known as The Witcher. Because in this game the player can interact with the allies within the games such as speaking to the artificial intelligence characters or fighting them.
In the gaming industry, artificial intelligences are not used to learn to defeat other players but rather enhance the experience of the game to the players and the heirs does not taking control of any characters but non-player characters is better known as NPCs[9]. Not only artificial intelligence is used for speaking of fighting two players it can be used with animals to move around and to daily routines what animals would do in real life, such as a player can interact with a dog within the game and the artificial intelligence would act and behave like a dog[9]. Also, if there are any kind of carnivores such as animals or Monsters within the game, they will react to the player to try to hunt the player down. Here is a simple flow chart diagram that is used for artificial intelligence enemy non-player character when they see actual players within that game such as the campaign of any shooting game or role-playing game.

[image: ]
[bookmark: _Toc7600405]Figure 1 - Here is a simple flow chart diagram[9]
But there are some games are meant to be very difficult for the player to complete and these games are known as puzzle games, the main reason why puzzle games are difficult because the artificial intelligence is designed to be difficult in these type of game genres and they cause the player to think more carefully while completing this game[10]. But there are games which players can choose the difficulty of the artificial intelligence such as racing games and fighting games because the player can choose how difficult they want to face the artificial intelligence within these game genres, to be more difficult to complete and it can give the player a more of a set of action when completing these games[10]. For example, in racing games a player can put the artificial intelligence on a hard difficulty to give them a more realistic driving experience as they would get an actual race in real life, but in fighting games the player would turn up the artificial intelligence difficulty to give him more of a challenge to beat the artificial intelligence enemy in one-on-one combat[10].

Artificial intelligence has strengths and weaknesses, but it depends which learning algorithm that is used to develop this type of machine learning for, such as is it used for gaming, robotics, social media, private and public sectors and explaining what they are[11][12]:

[bookmark: _Toc7609446]3.2.1 Strengths

· Variety: - Artificial intelligence have a wide range when it comes to using it for application purposes, for example artificial intelligence can be used within any sector what uses electronic devices and computers to do daily task much more quicker than people could such as banking and finance sectors for money purposes, it can also be used within Healthcare, retail, social media and entertainment[11][12].

· Quality: - Artificial intelligence have an available of tools that can be used to improve the quality with construction within environments and increase the workflow of the quality within a work of environments[11][12].

· Usability: - Artificial intelligence can be used with RapidMiner and this means RapidMiner is a type of software that is use within data science platform developed that is used with integrated environment to allow artificial intelligence to be used with deep learning, text mining, predictive analytics and other machine learning algorithms[13]. This could be used to increase the end-user’s usability when it comes to other algorithms for applications[11][12].

[bookmark: _Toc7609447]3.2.2 Weaknesses

· Acquisition: - Artificial intelligence has different types of algorithm and this can cause the algorithm to be process before it goes into the input, this means if a different algorithm would be used into another machine learning it has to be processed before it can be used, and this could be time consuming[11][12].

· Tested: - When it comes to artificial intelligence it has to be tested before it could be implemented into various things such as gaming and this means that if the artificial intelligence was not tested and just going to production or within gaming it could be quite buggy to be used[11][14][15].

[bookmark: _Toc7609448]3.3 Artificial Neural Network

Artificial Neural Network also known as Neural Networks or ANN is a type of algorithm that can be used to develop an artificial intelligence that has the capability to solve difficult algorithms for deep learning and this will allow the artificial intelligence to solve complex calculations at the best possible action to take to solve the problem, an example of this algorithm taking the best possible route to take within a race or adventure type game would be calculating the best possible way to complete that setup in the game[10][16][17].
The idea of a Neural Network that was to create that would able computers to learn and understand things in such a way a human brain would do the same thing, for example in neural network does not need to be programmed to do things but it learned how to do things by itself like a human brain[18]. neural network user's a software that is meant to be simulated with a program that is using transistors and multiple logic gates, that is connected that is working together like a human brain that has a billion of brain cells working in parallel[18].
Artificial Neural Networks uses a mathematical equation to solve the best possible route to take when it's going through a certain possible place to go and this were allowed for artificial intelligence to calculate the course of action that it would need to take, this type algorithm helps the artificial intelligence to take this action because the neural network uses a machine learning to calculate by using a set of three layers for the neural networks would have its sources to be organise for the note and these layers are known as[19][20]:

· Input Layer: - The first layer also known as the input layer is used to encode the neurons for the neural networks and contains the values to project the source node into an output for the neural network, but the input layer will only take information one way. Such as it can only go forward to keep going till it reaches the output layer and can't go back to the input layer[16][20].

· Hidden Layer: - The middle layer also known as the hidden layer is used to help to get the behaviour out of the network and this will help the developer to speed up the process with training the network, the hidden layers would have more than one layers, and it would have multiple hidden layers within a neural network[16][20].

· Output Layers: - The last layer also known as the output layer is used to output the data what allows the artificial intelligence to perform a task for the neural network, an example this can be used would be the artificial intelligence can identify different numbers from bad handwriting or the artificial intelligence can take over the vehicle to drive around the track[16][20][21][22].

[image: ]
[bookmark: _Toc7600406]Figure 2 - Neural Network Structure Diagram of the Layers[23]
[bookmark: _Hlk523064291]Here is a diagram of layers and how it works for neural networks such as the input layer would take the values of the data while the hidden sort the values of the data but there can be more than one hidden and this would speed up the process to sort the value for the data, the outputs is used to push the value for the data to allow the artificial intelligence to perform the task[23].

Artificial Neural Network with developing 1970s and was considered the new vanguard of “biologically inspired” for developing new computer technology it was widely used and technology for applications are mostly like biologically inspired techniques[24]. Also, it could be known as natural computing or in short NC and it has been hyped within the gaming industry because within gaming people online has seen neural networks to be a great improvement on artificial intelligence, this can help with some of the problems artificial intelligence has in gaming[24]. Neural Network have strengths and weaknesses to them such as:

[bookmark: _Toc7609449]3.3.1 Strengths

· Number of Layer: - One of the strongest advantages to neural networks would be its hidden layer because it can have multiple hidden layers, so this was out to speed up the process and has a great deal of degree of accuracy this means it will perform at an optimal level for the artificial intelligence[25].

· [bookmark: _Hlk523330533]No Prior Knowledge: - Neural Network does not need previous knowledge of the data to be generated process is needed to implement into it, this means Neural Network does not need information about data that is generated for it[25].

· Multiple Jobs at the Same Time: - Since neural networks greatest strength is its numerical, this means Neural Network has the capability to do more than one job when performing a task for the artificial intelligence[26].

· Storage: - The neural network data is not stored on the database so it's stored on the network instead and since it's not stored on the database there will be no disappearance of information, this means if the information disappears from the neural network it doesn't stop neural network from working and it can still carry on functioning as normal[26].

[bookmark: _Toc7609450]3.3.2 Weaknesses

· Huge Data: - Neural Network requires a huge amount of data and this can be a problem if you want to use this in games because it would cost more to develop neural network within the artificial intelligence and there are other cheaper algorithms to use, such as Naive Bayes can perform without using large amount of data[27].

· Expensive: - Neural Network when it comes to their training they can be computationally expensive when it comes to getting the artificial intelligence to perform a task but with the advancements in GPUs This can make it easier to train Neural Networks[27].

· Hardware: - Neural Network require certain equipment to make it run at an optimal level such as it requires a certain process that has parallel processing power, this means it would need be divided into multiple a Processes to allow for neural networks to run at a good pace and without this Neural Network might have the great difficulty in lower end computers[28][29].

· Numerical: - Since Neural Network work with numerical information and this can be a problem because information has to be translated into numerical values, this means before any information has to be introduced to the Neural Network it has to be translated into numerical first and if you don't translate into numerical it won't work[26]. This can be dependent on the ability of the end users and how well they can use neural networks[26].

[bookmark: _Toc7609451]3.4 Naive Bayes Classifier

The Naive Bayes Classifiers also known as Idiot Bayes model that is used with machine learning such as artificial intelligence and is a collection of classification algorithm based on Bayes’ Theorem, this algorithm is not a single algorithm but a group of algorithms and share a similar feature, each of the feature would be classified as its own independent from each other in this algorithm[30]. The Bayes' Theorem also known as Bayes' rule was used to predict the outcome the probabilities of the outcome for solving problems within the financial realm and this theory can be used in other areas aside from the financial realm, this algorithm can be used within medical testing that can protect anyone may have a disease or not[31][32]. The property this theorem uses is known as A and B that uses a type of mathematical formula for mathematical equations that can be used to determine if there's a problem probability and an example of this theory being used would be if a person would make a choice with they were choosing to eat a sandwich or a burger[31][32]. The Naive Bayes can be used to provide the predictions to possible outcomes for a condition for example a rock-paper-scissors game for the artificial intelligence to select and this could be used to play against an artificial intelligence while the end-user will try guess the outcome by selecting either rock, paper or scissors, while artificial intelligence would randomly select the opposite choice to the end user[31][33].

[image: ]
[bookmark: _Toc7600407]Figure 3 - Naive Bayes Classifier Algorithm and Diagram[34]
Here is a diagram showing the formula how it would look when it's doing a probability to predict what would happen such as it would guess the likelihood of an occurrence. For example, artificial intelligence in the game would try to predict what the play would do and prevent them from doing it such as a Player vs an artificial intelligence in a shooter[34]. 

[bookmark: _Hlk529363467]Another example of this former being used would be predicting a weather or will people go to a shop to buy something or not, such as Naive Bayes Classifiers can be used to predict the weather with a calculation of numbers to see if it's going to be sunny or raining by predicting the weather to see the levels of temperature and humidity, it does this by setting a low, medium and high with the values of numbers for the temperature and the humidity[35]. Just like the weather Naive Bayes Classifiers can work to see if people are willing to buy something or not on certain days, such as holiday, weekends and weekdays and this would be used to see if what days people would buy for example with people buy various items on holidays, buy items on the weekend instead of the holidays or would people prefer the weekdays to buy items then on holidays and the weekend, this can be also applied with discount to see if people would buy the item at a discount price and this can be applied with delivery service as well to see if people would prefer to buy more of the item if it free delivery[36]. The main reason why Naive Bayes Classifiers would be used in this sort of work is to see if the weather is going to be great or terrible for people to go out or stay in, even this would be used to apply wish shopping to try a draw in more customers by using this probability to predict what would people buy more of and how often they would buy this type of stuff[35][36].

[image: ]
[bookmark: _Toc7600408]	Figure 4 - A weather diagram table[35]
Here is a diagram of a table to predict what the weather is going to be like, such as if the weather is going to be great for people to go out or if the weather is going to be terrible then people would be more likely to stay in then going outside[35].

[image: ]
[bookmark: _Toc7600409]Figure 5 - here is a diagram showing the likelihood and the frequency of how people would buy stuff[36]
here is a diagram showing how often people would go out and buy items from 	a store, such as the frequency table would be used to see how often people 	would buy things from a shop and even a shop online, with the likelihood table it use it to see what is the likelihood of people going into a shop and buying the item this is used by using the probability of , it would use this equation to see if the likelihood of people buying a product from the shop[36].

[bookmark: _Hlk529361889]Not only Naive Bayes Classifiers is limited to games like rock-paper-scissors it can also be used within racing games and for example of this the artificial intelligence can be used to learn the end-user type of style of driving a vehicle around the track[24]. There are factors to be considered when the artificial intelligence is mimicking the end-user such as how fast are going, when they are turning around the corner, when they're going to slow down and when they going to put more acceleration. This is done by recording the gameplay on how the end user drives the vehicle and a data of the gameplay that the artificial intelligence can learn from[24]. When it comes to developing the learning algorithm by using Naive Bayes Classifiers it's important to make the pattern within the data that is easy to understand but if the algorithm isn't easy to understand it will take more time and data that would, in turn, result in more work to do [24]. When it comes to an algorithm to apply learning to the artificial intelligence it important to look at the data to see if it's going to be difficult or not, this means looking at the information you going to put it into the artificial intelligence to see if it can easily understand it[24]. Here are two tables shown below, for example the first table shows how the data is used for racing game and while the second shows the data in discrete attributes how well the vehicle should move while mimicking.

[image: ]
[bookmark: _Toc7600410]Figure 6 - diagram of vehicles speed, distance and braking[24]

[image: ]
[bookmark: _Toc7600411]Figure 7 - diagram of binary format[24]

Just like Neural Network and other learning algorithms, Naive Bayes Classifiers is not from having strengths and weaknesses. In this part will be explaining what type of strengths and weaknesses Naive Bayes Classifiers does have, just like any other algorithms this report will explain what it's good at and what it is not good at. Here are the strengths and weaknesses of Naive Bayes Classifiers:

[bookmark: _Toc7609452]3.4.1 Strengths

· Simple: - This learning algorithm is very simple to understand, and it can be very easy to build, this means this algorithm is very simple to use when it comes to building it compared to other algorithms and there is less training data when it comes to teaching it[37][38].

· Trained: - This algorithm is very easy to train when it comes to machine learning and since this algorithm is easy to train it's most likely much faster to learn than other algorithms, this means artificial intelligence will be easier to trained with Naive Bayes Classifiers and this algorithm can even use smaller dataset[37][38]. As such it would collection of any related set of information that has separate element with it but can be access managed as a unit[39].
 
[bookmark: _Toc7609453]3.4.2 Weaknesses

· Learn Interactions: - The main disadvantage from this algorithm is it can't learn between different features when it comes to interactions, for example if two people are shown to interact with each other and this means interaction it is biggest weakness, so it can't learn from it [37][40]. 

[bookmark: _Toc7609454]3.5 Reinforcement Learning

Reinforcement Learning also known as RL is a type of machine learning that is used in artificial intelligence that is a programming has the capability to train and it uses a system known as a dynamic reward and punishment, this means that this algorithm or agent and this learnt by interacting with its surroundings[41]. How the reward and Punishment works in reinforcement learning is when the artificial intelligence performs correctly it will receive a reward but if the artificial intelligence does is task incorrectly it is punished, the artificial intelligence learn without intervention from the end-user by increasing it reward and decreasing its punishment[41]. The name of Reinforcement Learning is given because of the range of techniques when it comes to learning on base experience it has three components when it comes to its learning on base experience such as[24]:

· Explanation: - When it comes to the experience part of this learning algorithm it would try different ways of taking the course of action within the game, this means it will try different strategies within the game[24].

· Reinforcement Function: - When it comes to the reinforcement function part of this learning algorithm it would try give feedback on how well it follows it actions, this means it would give feedback on how well it performs while doing the action[24].

· Learning Rule: - When it comes to the learning rule part it will find the two of them together, this means learning rules would you experience and reinforcement function to be linked together and depending on the application what its used for because it has several different elements for its implementations[24].

[bookmark: _Hlk524189897]Reinforcement Learning has different type of organisation and this would be dependent on what it is used for such as depending on the application on the artificial intelligence, for example for appropriate application it would be useful would be in Dark Souls and the enemies would have more of a hack and slash movements but if you use a different applications in this game such as a shooter it won't be appropriate for this type of game for the enemy artificial intelligence[42]. Reinforcement Learning is quite optimised in different fields when it comes to learning and this means it can be used with different sort of games, these types of games are board games like checkers and chess[43]. Such as reinforcement learning would learn from playing multiple times against the end-user and this will cause the artificial intelligence to know the best way to beat the end-user in that game, Reinforcement Learning can be used with top-down games like RPGs known as Final Fantasy, Pokémon and other games in this genre[43].

[image: ]
[bookmark: _Toc7600412]Figure 8 - Reinforcement Learning Diagram[44]
In this diagram it would show the lifecycle of Reinforcement Learning trial and error while it's in environment to learn how to take a course of action, such as mimicking the actions of the end user controlling the character[44].

[bookmark: _Hlk524271609]Q-learning and SARSA also known as State-Action-Reward-State-Action are use with reinforcement learning algorithm and they are model-free, these Q-learning and SARSA have different and same terms of the capability of learning such as when it comes to the different it would be exploration strategies but when it comes to the similar it would be exploitation strategies[45][46]. Q-learning would be known as an off-policy method this means the artificial intelligence would learn the value of based for actions of a* and it derived from another additional policy, while SARSA would be known as an on-policy method that would learn the values based on its current action and this would a derived from so it is its current policy[45][46][47]. Q-learning and SARSA are very easy to implement together but the biggest downfall with this would be this would be the lack the capability of seeing values this means it would not have the capability to estimate a current value of certain state it can't see but there is a way to overcome this weakness is using a type of algorithm known as Deep Q-network and Deep Q-network uses Neural Networks in this algorithm to estimate Q-values[45][46]. Model-free is used in Reinforcement Learning this means model-free is a controller learn that doesn't need other model to learn from but there is another method Reinforcement Learning is known as model-base and it learns from other model and unlike model-free, it would use this to derive a controller[48]. When it comes to these two models being used with reinforcement learning there's always a debate which one is better to be used and when it comes to the both sides trying to see which one is better there's been a number of algorithms that is used to trying to prove which one is better, this question has been approach by different fields by using the methods, such as using a system known as direct control and indirect adaptive control[48].

[bookmark: _Hlk524448200]Reinforcement Learning does have its strengths and weaknesses just like other machine learning algorithms, in this part will be explaining what type of strengths and weakness Reinforcement Learning may have such as:

[bookmark: _Toc7609455]3.5.1 Strengths

· [bookmark: _Hlk524449015]Learning: - Reinforcement Learning has the capability to learn from actual human players and Reinforcement Learning can learn from other artificial intelligence that would use Reinforcement Learning, this means reinforcement learning doesn't need to learn from rules that would specify by using manually[49]. For example, the end user does not need to guide reinforcement learning when it's learning because it simply learns from reward and Punishment by mimicking other reinforcement learning or human players.[50]

· Combined: - Reinforcement Learning can be combined with other algorithms for machine learning that can function approximator and this would have a large state space, for example of this Neural Networks can be used with Reinforcement Learning to allow it to be approximate to allowed to be evaluated together as a function[49]. This means reinforcement learning can work together with Neural Networks as one function.

· [bookmark: _Hlk524449432][bookmark: _Hlk524450585]Solution: - When it comes to Reinforcement Learning the method complete its task and Reinforcement Learning will always explore different ways of completing it task, by finding the most optimal solution to complete its goal[49]. This means reinforcement learning would explore different ways of completing its task by finding the most optional way of reaching its goal.

· Widely Used: - Reinforcement Learning can be used with game development and other fields of study, as such Reinforcement Learning can be applied to robotics, Reinforcement Learning can be used with physical and digital board games and Reinforcement Learning can be used with turn based games (Civilization VI, Total War: Warhammer and Fallout Tactics: Brotherhood of Steel) this has great results in these fields of areas[49]. This means reinforcement learning has the capability to be used in other areas field aside game development.

[bookmark: _Toc7609456]3.5.2 Weaknesses

· Action: - Reinforcement Learning finds it difficult to do certain actions, for example reinforcement learning will try mimic the actions of the player and the player could do something that could make the artificial intelligence act unusual[24]. This means if the end-user does not play the game properly the Reinforcement Learning will find it difficult to learn from the end user.

· Environment: - Reinforcement Learning may find it difficult to complete a task dependent on the map of the environment, for example, if the end user completes a task on a randomly generated map, the artificial intelligence could get a different map from the end user and this can cause confusion to the artificial intelligence when it's trying to completed task.

· Free Choice: - Reinforcement Learning finds it difficult to make its own choices because it needs to make a choice by mimicking the human player or another Reinforcement Learning artificial intelligence, this means Reinforcement Learning can't make its own choices and it can only mimic others for a to make a choice[24].

[bookmark: _Toc7609457][bookmark: _Hlk524535454]3.6 Decision Tree Learning

[bookmark: _Hlk524536500]Decision Tree Learning also it could be short for Decision Tree is a machine learning algorithm and decision trees are very easily to understand, when the data is being trained in Decision Tree Learning the data will go into an input and that will corresponding for the output for the data, then the data will constantly split to certain parameter[51][52]. Decision Tree Learning can be used to provide value for the functions to approximate to discrete the data in a robust, this mean each individual data will be more robust in a structure way and this is represented in Decision Tree Learning as a type of structure known as a data tree Structure, in a Decision Tree Learning can be explained it like a tree with two entities such as namely decision nodes and leaves[53]. Because in this representation the node are the decision nodes for the data to split and while the leaves are the decision for the data or the leaves can be the final outcome[53]. In supervised classification learning the Decision Tree Learning is quite successful within its area of techniques and this is assumed is the features has been finite with it discrete of its domain, this means it may have limits to the individual parts of the decisions within the Decision Tree Learning and within the domain of the elements for the classification it can also be known as class[52]. Another way of explaining decision tree learning is think of a tree which the person would think of a decision such as going left or right to go to the shop to buy something and the person would decide to go to which direction to choose from.

[image: ]
[bookmark: _Toc7600413]Figure 9 - Decision Tree Learning Diagram[54]
[bookmark: _Hlk524537361]Here is a diagram explaining how Decision Tree Learning work such as issues age in this diagram and the person within that age group would decide which route to take. For example, if the person that was young they would go into the route with a student is and they would make a choice of yes or no, if the person is older or middle age they would take the other route instead of the younger age[54].

Decision Tree Learning can be used within games a decision to be made by generating a certain action that is depending on the observations that is set within the environment and the aspects of within the game world is based on the branches of the tree that has the aspect of the world, this was considered for different part of the branch was chosen for the actions within the game world[24]. Within decision trees learning the trees that has multiple branch points can have certain specific for making decisions and this can be based on the details that it's observations within the game world, Decision Tree Learning can have shallow trees that has a few branches within it that only gives it broad and general behaviour within the game world[24]. This can allow Decision Tree Learning to be more efficient when it comes to learning from there constructed dynamically that allows it to observations and actions while it in it environment that provides a very good supervision[24]. Decision Tree Learning has a constructed tree is used within gameplay to allow decisions to be made within the game world and within the artificial intelligence of games they use a technique that is based on Quinlan’s ID3 algorithm also known as Inductive Decision tree algorithm 3 and Iterative Dichotomizer 3, but it depends on which side of the table that is believe for the term of ID3 and this algorithm is quite easy to implement efficiently with decision tree learning algorithms is very optimizations, this means the algorithm is useful for different within game environments, artificial intelligence and other situations[24].

Just like other algorithms Decision Tree Learning does have a strengths and weaknesses and will be explaining what they are such as:

[bookmark: _Toc7609458]3.6.1 Strengths

· [bookmark: _Hlk524883272]Feature Selection: - Decision Tree Learning has the capability to performing feature selection and this can help with training datasets, this means since Decision Tree Learning algorithm can you use a technique that is known as feature selection and this can help with in its surroundings for pointing out key features in an area[55]. One of the key advantages of feature selection would be automatically completed and this means the end user does not need to do manual because of the nodes within the tree that is splits that improves the variables within the dataset[55].

· Effort from Users: - Decision Tree Learning algorithm does not require variable transformations, this means transformation is the variable of data that uses mathematical equations of shapes that uses normalization, scaling and other relationships that would allow shapes to change[55][56]. A key feature within Decision Tree Learning would be if data was missing it does not prevent the splitting of the data values when and this will not prevent Decision Tree Learning to build the trees[55].

· Nonlinear Relationships: - Decision Tree Learning does not have to worry about non-linear relationships between variables because if the results fail for checks in simple regression models and this can make models in valid but not in decision tree learning, this means within Decision Tree Learning the algorithm does not have to have require no assumptions if the data has any linearity within it[55]. Such as Decision Tree Learning can use within the parameters there are non-linearly that are related[55].

· Explain: - Decision Tree Learning compared to other algorithms are quite easy intuitive to explain to others, this means Decision Tree Learning are quite easy to explain to people who don't understand other algorithms within machine learning or other applications that uses Decision Tree Learning, and this algorithm can be explained by using diagrams to give other people and end-users further understanding about Decision Tree Learning[55].

[bookmark: _Toc7609459]3.6.2 Weaknesses

· Costs: - If the Decision Tree Learning becomes more complexity and this can increase the size of the Decision Tree Learning to become bigger, this means end-users have to be more knowledgeable and training have to be increase for the end users to have the knowledge about more complex decision tree learning in the subject[57]. Such as cost more to uses this algorithm and could cause business to avoid using this technique.

· Complexity: - Decision Tree Learning is a lot easier to use compared to other decision-making models but if the Decision Tree Learning becomes a lot larger and has many branches within this algorithm can be very complex and a time can be affected as well, this means if it becomes more complex and time consuming it needs more experience end-users to use the more complex decision tree learning[57].

[bookmark: _Toc7609460]3.7 Physics Engine

[bookmark: _Toc7609461]3.7.1 What is a Physic Engine?
A physic engine is a type of software that is used to simulate physics such as real-life physics and one of the first uses of a physic engine would be to simulate artillery shells within military used, such as would be used to fire an artillery shell to see where it would land based on the weight the force behind the firepower and the angle where it's fired at[4][5]. Not only it was used in military use it was also used with vehicles as well and this was used to help with the design of the vehicles such as cars, boats, planes and other vehicles[4][5]. For example, within using a physics engine for a vehicle would be using a rigid body because it's quite impossible to copy real world physics in a fur throw world in a virtual world because of the amount of equations that is involved for the physics engine, but physics engines are best suited for real time simulation by using models for their calculations and this calculations can take advantage of these models because of their bodies are approximated by a rigid body[3]. Within physics a rigid body is a solid body that has a bound size that is deformation is neglected and the rigid body would have a distance between two points, the two point would stay constant even if other external forces, this means the two-point would remain the same even other external forces would try to intervene[3].

[image: ]
[bookmark: _Toc7600414]Figure 10 - Here is a diagram of a rigid body[58]
Here is a diagram of how a rigid body works such as in this diagram the rigid body is doing the rotation for the axis[58].

Within video games these days would use physics engines to simulate how things work such as rigid bodies would be used in vehicles, playable characters, other movable objects and NPCs, the game industry would use physics engines within their games to simulate reactions and various actions for the game they are developing but this is depending on what game is developing with the physics engine[4][5]. Physics engines within video games are not in the same level as real-life physics, such as in person shooter games with in a physics engine if the player got shot on the leg it would be an instant kill but compared to real life with physics is different the person might be wounded or have a flesh wound instead, the physics engine is only used to give the player the general feel of the physics within games then trying to make it as realistic as possible[4][5]. When it comes to vehicles a physics engine within the game world can help to bring that vehicle with a more realistic feel and can give the player the experience to drive a high-performance vehicle around the track, such as using the physics that would include the acceleration of the vehicle moving forwards, breaking to allow the player to slow down or even stop at certain point, allowing the player to steer the vehicle around corners or dodge obstacles on the track such as other vehicles and objects, the weight of the vehicle will be transferring because of the acceleration speed and the braking, the suspension system will give the player the feel of the suspension of how the vehicle moves and the collision responses will give the player to response out of the way to certain collision[59]. all of this will help the vehicle to give it more of the realistic feel to it thanks to the physics engine that is used to give it the visual effect and this gives the player a feel how a high-performance vehicle drives around the track such as the vehicle would be racing against other vehicles dodging and cornering around at high speeds and drifting to beat the other vehicles[59].

[bookmark: _Toc7609462]4.0 Aims and Objectives

The aim of this project is to develop an artificial intelligence car control that is capable to log data from the end-user, so the artificial intelligence is able to copy the actions from the end-user while driving around the track, such as wants the end user has finish driving the vehicle around the track and the data from the end user will be used for the artificial intelligence to mimic the course of action to take around the track. the four aim when it comes to developing this project will be listed below such as:

· Specific: - The main objective of this project is to develop at artificial intelligence car control that is able to drive around a racetrack that will be developed and created in unity 5, the test and the track will also be created in unity as well.
The artificial intelligence will be developed by using Visual Studio with C# because unity only uses C#, JavaScript and boo for its main programming language.
The type of artificial intelligence will be use is Naive Bayes Classifier, because Naive Bayes will be more appropriate for this project because it's simple to use and easy to understand when it comes to developing the artificial intelligence.
· Measurable: - When it comes to measuring how long the project will be to complete will be creating a Gantt chart to measure how long it would to complete the project.
For example, the Gantt chart will be used to see how long it would take to finish the document and project to see if the project is in is in its time restraint.
· Achievable: - The main goal for achieving to complete this project is a completed literature review and the rest of the documents, another a completed achievement of for this project is an artificial intelligence able to go around the course with hardly any hiccups to it and this will be done by having the Artificial Intelligence to try and make the end-user while the end user tries around track hitting each checkpoint while it records the data.
The data will be logged so the artificial intelligence is able to use the log data to drive around the track and record its own log data as well so it can learn from the end user first well it can learn from itself as well by driving around the track several times, this means the artificial intelligence will try to mimic the end-user, then try to mimic itself by driving around the track several times to try and improved on itself.
the main achievable is to hand in a working project with the document.
· Relevant: - The realistic goal of this project is an artificial intelligence that is capable of mimicking the end-user control of the vehicle and able to drive around the track by reading in the end-user’s log and its own log.
· Time-Bound: - For the time constraint for this project is will be completed between the end of April or the beginning of May, the main reason why this project will take this long to complete because it will take its time to make sure the write ups and the projects of the artificial intelligence will be completed by then.

The program should be able to record the logged data of the end-user data and apply the data to the artificial intelligence to see it can mimic the end user takes the course of action around the test track.

[bookmark: _Toc7609463][bookmark: _Hlk521254072]5.0 Research Methodology

The type of research the project will have for the research method is a positive approach for the Philosophy, a deductive approach for Approach and that Strategies will have three methods such as Experimental, Software Development and Document Review[60][61][62].

[bookmark: _Toc7609464][bookmark: _Hlk521253772]5.1 Philosophy

With the project will be taking a positive approach when it comes to developing the artificial intelligence car control and data will be gathered from this project. The main reason why data will be gathered from this project is because the activity of the artificial intelligence will be reported to see how well it performs the task and while driving around the track to mimic the end-user[60][62][63].

[bookmark: _Toc7609465]5.2 Approach

The type approach this project will take is a deductive approach and the reason for this is to see how well the artificial intelligence performs the task while driving around the track, such as driving a vehicle around the track to see how well the artificial intelligence can mimic the driving capability of the end-user, and to see how well the artificial intelligence can respond to the controls after the end user have drove around the track[60][64].

[bookmark: _Toc7609466]5.3 Strategies

The type of strategy this project will be undergoing is an experimental, software development and document review, this is the main reason why this project will be developed this way and starting with experimental[60][65].
	
· Experimental: - The experiment will be used to test the artificial intelligence capability several times to see how well it can perform while mimicking the end-user and while the end-users driving through the route around the track, after the end-user has finished driving through the track the artificial intelligence will take its turn trying to mimic that route and this needs to be experimented on the artificial intelligence several times[66][67].
The main reason why the artificial intelligence will have several tests to see if it has any issues while performing the task well mimicking the end-user. This experiment will also see how well the artificial intelligence can improve over several times to see how well it can go around the router the track while mimicking the end-user[66][67].

· [bookmark: _Hlk521253955][bookmark: _Hlk7442479]Software Development: - The next step will be is to develop the software for the artificial intelligence car control and the main reason why the development of the software was chosen, because the artificial intelligence needed to be built and the controls for the vehicle, so the experiment can be taken to see how well the artificial intelligence can perform. The software needed to be billed first before the experiment part can be taken for the testing of the artificial intelligence and the controls of the vehicle. The artificial intelligence will be used is Naive Bayes Classifier[68].
The type of coding language for developing that the artificial intelligence will be C# because unity only uses three programming language such as Unity Script also known as JavaScript, Boo and C#. The main programming language they artificial intelligence car controls will be using C# and C# will be used because I have a further understanding of how C# is used. So, JavaScript and boo will not be used because it will take too much of my time to learn these two-programming languages and I have a further understanding how to use C# to develop the artificial intelligence for this project[68].
	
· Document Review: - The final step will be document review because I will be researching different documents and comparing different types of programs for the artificial intelligence car control and to see what type of ways people has developed the artificial intelligence this information will be used to see how well my project compared to other programs of people have developed and it will see how well my projects stack up against other methods people have used[69].

[bookmark: _Toc7609467]6.0 Development Methodology

With this product when it comes to developing the artificial intelligence car control will be gathering data and to see how well the artificial intelligence can perform when it's up against other end-users while driving the vehicle around the track, this will measure the response time of how well the artificial intelligence, could take the vehicle around the track and this will be used to compare if the artificial intelligence can actually mimic the end-user.
This data will be monitored to see if the artificial intelligence can perform as well as the same or better than the end-user and to see if the artificial intelligence can mimic the end-user even if they drove terribly, this means if the end-user drives terribly the artificial intelligence may drive worse or just the same.
The artificial intelligence will be developed using Unity 5 games engine and Visual Studio, because unity is a type of game engine that will be used to develop the project for the artificial intelligence car control and to setup the design of the vehicles and a test track. Visual Studio will be used to develop the car controls for the vehicle, such as how the vehicle will move around the tracks within unity and Visual Studio will be used to create the algorithm for the artificial intelligence.
The type of programming language that we use in Visual Studio will be C# and this programming language will be used throughout the whole process of creating this project, such as the artificial intelligence and the car control. The programming language will be used to create functional controls to control the vehicle for the end-user and this programming language will create an artificial intelligence is capable of mimicking end-users.
The artificial intelligence will use Naive Bayes and it will use this technique to take the log data from the end-user, the log data is going to be used for Naive Bayes to allow it to learn from the end-users information to go around the track several times to learn from it, the artificial intelligence will also keep a log of its own data so it can learn from its own data as well.

[bookmark: _Toc7609468]6.1 Agile Methodology
	
For the agile methodology will be using is the sprints methodology, because it the easiest method to understand for using the agile methodology and this method can be used retest the project for campus of times to see what treatment can be made Such as this would use:

· Requirements: - This type requirements this project would use is Visual Studio for the development part of the code to developpe an artificial intelligence that is capable of mimic in the end-user, Not only the code will be used to develop an artificial intelligence it will be used to develop the car control for the end-user to drive around the track and it will be used to develop the recording for the end-user to record the vehicles activities, such as movement steering and breaking. Another requirement that will be used to develop this project is using Unity to create the overall design for the vehicle and track.
· Plan: - To keep the project in the timeframe and to keep up to date all the progress within the document to make sure none of the work does not get delayed, this means to make sure everything keeps on track while none of the work doesn't get left behind while doing the write up for the document and keeping on course with the department of the project.
· Design: - The overall design of the project is it working artificial intelligence is capable of driving around a race track while using the recordings of the end-user control, such as This will be done by the end-user driving around the track several times while the data has been recordings that will be log data for the artificial intelligence that would use this data from the end-user of recorded data to drive the vehicle around the race track. This is done by the end-user driving the vehicle around the track so it can be able to record data every time they hit the checkpoint that is used within the recordings for the artificial intelligence and it was designed this way to be able to pick up the data for the log.
· Develop: - To develop a working project that is able to record the end-user data and it would use that recorded data too try to mimic how the end-user would go around the track. Once the development stage is done the project is ready for the test and to see how well the vehicle would run several times around.
	[image: https://devmenow.com/wp-content/uploads/2018/07/agile_pie_chart.png]
[bookmark: _Toc7600415]	Figure 11 - The diagram sprints methodology[70].
Here is a diagram of the sprints methodology that is for the development cycle and it use for the planned within a team to complete the project or it can a solo project.


[bookmark: _Toc7609469]7.0 Risks

[bookmark: _Hlk520646184]When it comes to developing this project, there will be no risk to developing the artificial intelligence car controls and if there are any risk to the project. Such as would be hardware failures while developing the project and this can cause a setback while developing the project. This can cause to have new hardware to replace the old hardware for the project to continue and the project will have to be recovered from the old hardware or start again. Another risk that could happen when developing the project would be the software such as just like anything could happen to the hardware the software may become corrupted or the operating system of the computer could crash. this may cause to try to recover the software with developing the artificial intelligence car controls or start again. Another risk to developing this would be new updated software because unity may not support old features what the older version of Unity has, and this can cause a setback because have to learn the new version to continue with the project.
	
Backing up the project just in case anything which could happen to the software that was mentioned, and this will make sure that anything could go wrong with the project that it will always be backed up on different devices to make sure it's always in place to replace the other versions just in case anything happens to it[71][72][73][74][75]. Such as the devices that be used just in case anything will go wrong would be a computer, a laptop, a USB and an external hard drive[71][72][73][74][75]. A risk that could happen to the project would be timing such as various things could affect the process of building this project and these are the type of things could put setbacks to it:

· Family: - The family can cause setbacks to develop this project such as a funeral.

· Special Occasions: - When it comes to special occasions such as weddings and various other occasions can put delays with developing the project.

· Holidays: - When it comes to the holidays it could be Christmas time spent with the family or going Abroad with the family.

· Power Cuts: - this can cause a few setbacks such as a thunderstorm can cause a power cut to the house or forgetting to pay the electric bills, and this can cause a hindrance to continue with working on the project.

A common risk that can affect the project would be human error such as accidentally deleting the project, or another user could accidentally close the project down while it's not saved. This can be avoided by Simply doing multiple backups and saving the project while working on it.

[bookmark: _Toc7609470]8.0 Analysis and Deliverables

Within this project the type of data that will be collected would be the artificial intelligence activity how it takes this course of action while going around the track and the data will be recorded to see how well the artificial intelligence can mimic the end user when they go around the track while driving the vehicle. The data from the artificial intelligence will be logged several times to see how well it can perform when it completes the task, such as driving the vehicle around the course and main reason why this will be tested several times to see if the artificial intelligence can improve over the course of going around the tracks from the end-user, to see there is a difference within the log data to see how much the artificial intelligence has improved compared to the older version to the newer versions of the log data and also, the log data will be analysed to see there is a different within the ai's performance while going around the track with its data.
	
The deliverable of the completed Project would be a working car controls which the end-user would be capable of driving around the track and a working artificial intelligence that is capable of mimicking the end-user after their completed the course around the track. The artificial intelligence will do it job to mimic the end-user has once the end-user has finished driving around the track that artificial intelligence will try to copy how well it takes that root around the course of the track. A fully completed racing track that will have a timer within this project to see how long the end-user can complete the race track and then the artificial intelligence will mimic the end-user to complete the course of the track to see how long the artificial intelligence can complete it. To see if the artificial intelligence can complete the course of the track as the same time as the end-user or less or less than the end user but it depends how well the artificial intelligence can mimic the end-user.
	
The minimum expectation from this project would be a working car controls would allow the end-user to control the vehicle to let him drive around the track and a working artificial intelligence that is capable of trying to mimic the end-user to go around the track while taking control of the vehicle. the successful rate of how well they artificial intelligence has to be for this project is to try to mimic the end-users driving skill.
	
[bookmark: _Toc7609471]9.0 Physical Resources

The type of physical resources will be used for this project such as hardware and software because:

[bookmark: _Toc7609472]9.1 Hardware
The type of hardware resources will be used will be a computer and a laptop, because these types of hardware will be used to develop the project over the course of a few months. The types of computers will be used for being my own personal computer and the university's computer to develop this project, a personal laptop will be used to develop the project when I'm not near a computer I can use my laptop to continue developing the project.

[bookmark: _Toc7609473]9.2 Software
the type of software resources will be used to develop this project is Visual Studio, Unity, and online journals and books. Because this software is free to use online and the university has provided software to be used for developing this project, such as DreamSpark is the software that is provided by the university what comes with Visual Studio and unity is free to download online for development use. The university's library has provided online sources, such as books and journals that will be used for the development and study for the project.

[bookmark: _Toc7609474]10.0 Human Resources

The development of this project will need testing to see if the software works and the only human resources will be testing this software is, the supervisor and myself will be testing the software. The main reason for this is the software does not need many people to test it and it only needs to people to test this software, a survey will not be needed for this project because there will be only two people testing to see if it works. Such as the supervisor and I will be testing this software with several times to see how well it runs.

[bookmark: _Toc7609475]11.0 Design

The design of the software is building a car controls that is used to drive around the track to record data for every checkpoint the end user passes through such as recordings of acceleration this means how fast the vehicle is going, handling this means what degrees the wheels will be turning and braking this means how much brake pressure will be used to slow down or stop a vehicle. this recorded data will be used for the artificial intelligence to allow it to drive around the track to mimic how the end-user drives and the software will be developed in a game engine known as Unity. The main reason why unity is used because Unity has the necessary tools that can help to develop this project, and this will help to see how well for artificial intelligence will run visually then looking at recording data, this means since it's using unity for the looks for the project it makes it easy to see how well the vehicle is driving around the track with using the recorded data. the track is a very simple design the main reason for this is to make it easier for the vehicle to just drive around the track and it's not too big, because if it was too big to take much longer to complete the track. The design of the vehicle is self-made that means it's not quite a good-looking vehicle, but it does the job when it comes to driving around the track.
The design of the track that is going to be used for the vehicle has been charged twice for good reason, such as the race track used to be quite large but is taking 10 minutes to complete the tracks so it was shortened till it can only take up to a minute and a half to complete. The second things to the map was changing that the way the track was laid out because it’s just had mountains but it was getting away with certain test and is causing some issues so it have to be lay down flat, the track itself have to be changed slightly to make it more logical for the vehicle to drive around.
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[bookmark: _Toc7600416]Figure 12 - The design of the track.
Here is the overall design of the track that was created in Unity for the vehicle to drive around and this race track is a basic design not highly detailed, but it does the job for the vehicle to go around the track.

[image: ]
[bookmark: _Toc7600417]Figure 13 - The design of the check points.
Here is the design of the check points that is used to record the data from the end-user that can be used for the artificial intelligence to gain information from each one of these check points to know when to turn and this means when the artificial intelligence cutters one of these checkpoint it would gain the recording data of the end user to know how they turn with these checkpoints.
Not only the checkpoint records the end-user it can also record the artificial intelligence data to see how well the artificial intelligence is able to mimic the end-user while it drives itself around the track.

[image: ]
[bookmark: _Toc7600418]Figure 14 - The design of the vehicle.
Here is the design of the vehicle that is used with the end user to drive around the track and use with the artificial intelligence to take itself around the track. The design of the vehicle is a basic design that was created by using cubes and cylinders within Unity, so it doesn't look fancy looking at all, but it does its job to get around the track.
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[bookmark: _Toc7600419]	Figure 15 - Here is a screenshot of vehicle driving forwards.
Here is a screenshot of the vehicle driving forward to the checkpoint by itself without using the end-user input to drive the vehicle forwards this is using the code to drive the vehicles through the race track, This means since the artificial intelligence is driving the vehicle forwards without the end user even clicking on a button to drive a vehicle so this vehicle is South driving itself forwards.
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[bookmark: _Toc7600420]	Figure 16 - Here is a screenshot of the vehicle into the checkpoints. 
Here is the self-driving vehicle that is using the artificial intelligence to gaining information from the recording data to allow the vehicle to know when to turn at the checkpoint, This means they would use the end users recorded data to know when to turn left or right at the checkpoint and sent it using Naive Bayes it would make a probability how much turning it would need for this corner.	
Not only this design of the project has self-driving features and input for the end user to drive the vehicle around it's also got other features, such as a main menu to allow the end-user to pick which one they want to go into, and it's got a pause menu to pause the program.
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[bookmark: _Toc7600421]	Figure 17 - Here is a screenshot of the main menu. 
Here is a main menu of this project and it will allow the end-user to make three choices to go into, such as they could pick the player button to allow the end user to drive the vehicle around the track for more recorded data to be used for the artificial intelligence. Then it's the artificial intelligence or short for AI button that will allow the end-user to click on to see how well the artificial intelligence will drive the vehicle through the track, Last but not least is the quit button and this button will allow the end user to quit the application once they are finished with it. The image of figure 17 is not what the racetrack looked like, but it used to look like this and now it looks different by looking at Figure 12 The main reason why the race track looks different figure 12 because there were many problems with this previous race track, so it's just uses for the main menu for this project.
	
	[image: ]
[bookmark: _Toc7600422]	Figure 18 - Here is a screenshot of the paused menu.
Here is the pause menu and it has only two functions such as the end-user compressed the Q button to pause the program, this means the end-user would completely stop the program from move in to allow the end-user to take a break, such as going to the toilet or getting some food and they can easily press the Q button to un-pause this program to allow it to carry on what it was doing before it was pause. The second function the end-user can do is by looking at the screenshot in figure 18 there is a button called main menu and this will allow the end user to go back to the main menu once the button is clicked.
	
	
	
[bookmark: _Toc7609476]12.0 Build Software

The build of the software is using that Unity to create the design and look of the project while C# will be used to do all the work such as coding the car controls and artificial intelligence The main reason why unity is used because Unity has a great aspect of creating the look of things within its engine, such as it'll be only used to build the vehicle and the track. the code that will be built within C# is a self-made car control, a recording system that records the data every time the vehicle goes pass a checkpoint and an artificial intelligence that using naive Bayes that will take the recorded data of the end-used you say that it will use to drive around the track. The main reason why the build of the software is using unity is more familiar to use than any other software and since I have more familiar using Unity it will make this project simpler to build than using other software or methods to try to build this artificial intelligence car control Project.

[bookmark: _Toc7609477]13.0 Testing Software

Here is the testing table that is going to be used for testing the artificial intelligence and the end-user this will be used to see if there's any glitches within the test for this project. the main reason why this test is the use is to find any errors or hiccups within this program and see what improvements or what fixes can be made to make sure that Almost all errors gone. Not only this test will be used for any errant tracks it will also be used to test any interfaces that is included within the project, such as a main menu and a pause menu.
	No.
	Test.
	Expected.
	Actual.
	Pass/Fail.

	1
	If main menu work
	Running the main menu to see if it works
	The main menu runs perfectly fine
	Pass

	2
	If main menu works several times
	Running the main menu several times to see there's no glitches
	The main menu does not glitch when it run several times
	Pass

	3
	If main menu button for the AI work
	Pressing button to see if it goes to AI controls
	One the button in this press it goes to the AI controls
	Pass

	4
	If main menu button for the AI work several times
	Pressing button to see if it goes to AI controls several times to see there's no glitches
	several times the button in this press it goes to the AI controls
	Pass

	5
	If main menu button for the player work
	Pressing button to see if it goes to player controls
	One the button in this press it goes to the player controls
	Pass

	6
	If main menu button for the player work several times
	Pressing button to see if it goes to player controls several times to see there's no glitches
	several times the button in this press it goes to the player controls
	Pass

	7
	If paused menu work
	Pressing the Q key to see if the program stops moving once pause and show in the office menu
	Press the Q key stops the program for moving and shows the pause menu
	Pass

	8
	If paused menu work
	Pressing the Q key several times to make sure the pause menu does not glitch the program
	Press the Q key several times and there were no glitches shown at all
	Pass

	9
	If paused menu button work
	Pressing the button on the pause menu to see if it takes the end-user to the main menu
	Press the main menu button in the pause menu brings the end-user to the main menu
	Pass

	10
	If paused menu button work several times
	Clicking the button several times to see there's no glitches
	Press the main menu button several times in the pause menu brings the end-user to the main menu does not glitches
	Pass


[bookmark: _GoBack]
[bookmark: _Toc7609478]14.0 Requirement

This software is recommended to use a version of Unity such as Unity 5.6.6f2 (64-bit) and the main reason to use this version of Unity is, using a newer version of Unity could mess up this project so it highly recommended to use this version just in case that happens or anything could go wrong so this is why the older version is recommended. Here is the hardware and software requirements to run the system such as:
[bookmark: _Toc7609479]14.1 MINIMUM:
· OS: WINDOWS® 7 (32 or 64bit required)
· Processor: Intel Core i3-3220 @ 3.3 GHz or AMDFX-8350 @ 4.0 GHz
· Memory: 4 GB
· Graphics: NVIDIA® GeForce® GTX 750 or AMD Radeon™ R9 260x (2GB)
· Storage: 4 GB available space

[bookmark: _Toc7609480]14.2 RECOMMENDED:
· OS: WINDOWS® 7 (32 or 64bit required)
· Processor: Intel Core i7-3770 @ 3.4 GHz or AMDFX-8350 @ 4.0 GHz
· Memory: 8 GB
· Graphics: NVIDIA® GeForce® GTX 780 or AMD Radeon™ R9 260x (2GB)
· Storage: 4 GB available space

[bookmark: _Toc7609481]15.0 Supervisor Meeting

[bookmark: _Toc7609482]15.1 Supervisor Meeting 1
Objective of Meeting: - Initial meeting to determine scope of project.
Work Submitted by Student: - Avoid starting coding anything at this stage. Rather, focus on undertaking a comprehensive literature review to better understand the area of research.
Issues Discussed at Meeting: - Artificial intelligence car control using Unity games engine. 
This is a software engineering project unity can be used as a platform to demonstrate your own code not as a substitute for coding itself. 
Student Action BEFORE Next Meeting: - Suggested that more consideration is given to identify exactly what part of this project is going to require your own code. 
Supervisor Meeting Date: 17/10/2018

[bookmark: _Toc7609483]15.2 Supervisor Meeting 2
Objective of Meeting: - N/A
Work Submitted by Student: - Artificial intelligence for games.
Literature review partially completed - 6000 words approximately. 
Issues Discussed at Meeting: - Some initial concepts coded up in Unity - good.
Extraction of vehicle data using basic scripts.
More work needed to complete literature review. 
Student Action BEFORE Next Meeting: - Student has been asked to forward literature review to tutor for initial review. 
Supervisor Meeting Date: 31/10/2018

[bookmark: _Toc7609484]15 .3 Supervisor Meeting 3
Objective of Meeting: - General Updata
Work Submitted by Student: - N/A Andrew expects to lead into coding of Naïve Bayes over next 2/3 weeks
Issues Discussed at Meeting: - C# / Unity.
Player Log? – contains all left/right/accelerate brake fruition call. This log can be given to AI so that it can negotiate driving actions.
Student Action BEFORE Next Meeting: - Question; why do we need Naïve Bayes functoriality?
How are you going test/naiad equitant why Naïve Bayes?
Supervisor Meeting Date: 05/12/2018

[bookmark: _Toc7609485]15.4 Supervisor Meeting 4
Objective of Meeting: - General Update on progress made
Work Submitted by Student: - N/A
Issues Discussed at Meeting: - No work undertaken on MP since last Viva. Student has been focusing on other assignments. Artificial intelligence / Networking / Advanced Graphics
Student Action Before Next Meeting: - No action required in respect of MP before next week. Student has said focus will be on completing Graphics and Networking Assignments. Care needs to be taken to ensure you keep chipping away at MP so that you don't leave it too late
Supervisor Meeting Date: 04/03/2019

[bookmark: _Toc7609486]16.0 Documents

[bookmark: _Toc7609487]16.1 Starting the document
24/06/2018:
Starting to build the document by putting in some information ready for the work.
[bookmark: _Toc7609488]16.2 Updating the document
23/07/2018:
Updating the document to putting more information.
[bookmark: _Toc7609489]16.3 Started the Risk Assessment
29/07/2018:
Starting to write the rink that can happen to the project.
[bookmark: _Toc7609490]16.4 Started the Aims and Objectives
[bookmark: _Hlk521254206]04/08/2018:
Started to write the aims and objectives for the project.
[bookmark: _Toc7609491]16.5 Started the Research Methodology
[bookmark: _Hlk521926768]05/08/2018:
Started to write the research methods for the project.
[bookmark: _Toc7609492]16.6 Updating the document
06/08/2018:
Updating the document to putting more information.
[bookmark: _Toc7609493][bookmark: _Hlk521926695]16.7 Started the Development Methodology
11/08/2018:
[bookmark: _Toc513192067]Started to write the development methods for the project.
[bookmark: _Toc7609494]16.8 Started the Physical Resources
12/08/2018:
Started to write the physical resources for the project.
[bookmark: _Toc7609495]16.9 Started the Human Resources
13/08/2018:
Started to write the human resources for the project.
[bookmark: _Toc7609496]16.10 Started the Analysis and Deliverables
18/08/2018:
Started to write the analysis and deliverables for the project.
[bookmark: _Toc7609497][bookmark: _Hlk523672421][bookmark: _Hlk522811703][bookmark: _Hlk524537589]16.11 Started the Artificial Intelligence
19/08/2018 - 23/08/2018:
Started to do the write up of Artificial Intelligence.
[bookmark: _Toc7609498]16.12 Started the Artificial Neural Network
26/08/2018 - 30/08/2018:
Started to do the write up of Artificial Neural Network.
[bookmark: _Toc7609499]16.13 Started the Naive Bayes Classifier
02/09/2018 - 05/09/2018:
Started to write up the Naive Bayes Classifier.
[bookmark: _Toc7609500]16.14 Started the Reinforcement Learning
08/09/2018 - 11/09/2018:
Started to write up the Reinforcement Learning.
[bookmark: _Toc7609501]16.15 Started the Decision Tree Learning
12/09/2018 - 16/09/2018:
Started to write up the Decision Tree Learning.
[bookmark: _Toc7609502][bookmark: _Hlk529781865]16.16 Finish the Literature Review
19/08/2018 - 06/11/2018
Finish write up the Literature Review.

[bookmark: _Toc7609503]17.0 Conclusion 

Where developing this project there were certain hiccups when it comes to developing the artificial intelligence on this project such as the vehicle is capable of reading the end-user data to know when to turn when it hit the checkpoint and it knows how much steel and it would need such as in this information shown below.

	[image: ]
[bookmark: _Toc7600423]	Figure 19 - Here is a screenshot of The artificial intelligence data.
By looking at Figure 19 the vehicle is turning at certain points every time it would hit the checkpoint So it would make the turn to make to know when to turn left or right at the checkpoint by using the end user tater to know the probability of turning in a corner. By looking at the data as well shown in Figure 19 it only shows the highest value and since the artificial intelligence can record its own data when it hits the checkpoints as well this is the value of the artificial intelligence, Compared to the type of flowers to the end user has input while driving around the vehicle on the track in the screenshot below.
[image: ]
[bookmark: _Toc7600424]Figure 20 - Here is a screenshot of the end-user data.
By looking at the end-users data in Figure 20 it could be seen that values are more precise when it comes to the steer, accelerating and breaking, Every time the artificial intelligence would complete the corner it would either keep on turning never ending to reach the other checkpoint so this would make it difficult to gather more data for the to gain a conclusion will be drawn from this project. That was other techniques to help to stop the vehicle constantly going in circles Such as creating end corner to stop the vehicle from going in circles and this worked but the vehicle did not turn when it hit the other checkpoint so there may be a problem with the end corner. If enough time head for fixing this problem the problem may be fixed later down the road but since there wasn't enough time to fix this problem. If there was a chance to develop this project again will there be a different approach of developing the artificial intelligence, yes, a different approach would be used to develop this project such as using a different machine learning algorithm to develop how the vehicle would go around. The main reason why a different learning algorithm would be use simply because it might give a better result than using Naive Bayes Classifier And using a different algorithm may make it much simpler to understand then using Naive Bayes Classifier.

[bookmark: _Toc7609504]18.0 Reflection
	
[bookmark: _Hlk7596474]The type of things that was learned while developpe in this project would gain more experience with using Unity 5, such as using terrain to develop the race track, and this would allow the road to be visible for the end-user Be able to see where to go while driving around the track. There was also understanding ferries tools with immunity to craft the vehicle to be able to use to drive around the track such as using the shape to create the look of the vehicle. While developing this program with using C# has increased knowledge in new techniques with help in this software for AI car control and the end-user control for the vehicle, such as developing a personal car control and this developing as gained knowledge of how the car physics work. The type of car physics that was learnt is wheeled collision this means wheeled collision is used for the physics of a wheels of the car movements of how it would move found around track, such as how the vehicle would turn left or right and forwards or back. Not only developing of the will collision was not the only thing learn there was also learning how to record log data and applying it to the checkpoints for every time the vehicle would have done, Learning the how to do recordings with in this project and car physics will be very useful for a future skill of building a personal project. By researching information while doing the literature review have given a wider broad idea of different algorithms in machine learning such as Naive Bayes Classifier, Artificial Neuron Networks Reinforcement Learning and other various techniques, not only Have given a wider broad idea but different algorithms is it also given ideas how they use within different situations for their techniques.
With developing this project, the things that could be done different is time management could be much better with developing that this project to finish it much sooner than Leaving a few things a little bit late, and another thing could be learned from doing this project is trying a different algorithm than using Naive Bayes Classifier Such as using Artificial Neuron Networks to develop this project instead of using Naive Bayes Classifier because researching this algorithm there was a lack of information how people have intermittent this type of algorithm machine learning developing artificial intelligence within games and because of this it took longer to develop the artificial intelligence for the vehicle to take in information to go around the track. This means if I would use a different outfit them by looking at various techniques people have done with that type of algorithms it would give ideas how to do a self builds algorithm that is capable of driving a vehicle round the track without end-users input. Another technique could be learn is using a difference game engine to develop this project instead of Unity 5 such as Unreal Engine, because using Unreal Engine may give certain knowledge of different types of game engines and how they are used with project and developpe in ranges of different games that can be used within industry.
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[bookmark: _Toc7609506]20.0 Appendices
public class PlayerLog : MonoBehaviour {
    // Call the car controller scripts
    [SerializeField]
    private CarController carController;

    //
    public string dateSTR = System.DateTime.Now.ToString("yyyyMMddHHmmss");
    public string path = Application.dataPath + "\\logFile\\Log.txt";

    // Update is called once per frame
    void Update() {
        string path2 = Application.dataPath + "\\logFile\\" + dateSTR + "log.txt";
        StreamWriter tw = File.AppendText(path2);

        // 
        tw.WriteLine(carController.frontWheelFL.steerAngle + ": Steer, "
            + carController.backWheelFL.motorTorque + ": Movement, "
            + carController.backWheelFL.brakeTorque + ": Breaking");
        
        //tw.NewLine.
        tw.Close();
    }
}
public class AIController : MonoBehaviour {
    private NaiveBayes bayes;
    
    public bool turn = false;
    public bool speeds = false;
    public bool brakes = false;
    public WheelCollider frontWheelFR;
    public WheelCollider frontWheelFL;
    public WheelCollider backWheelFR;
    public WheelCollider backWheelFL;
    
    float maxMotorTorque = 200.0f;
    float maxSteerAngle = 30.0f;
    float maxBrakeTorque = 40000.0f;

    int count = 0;
    bool turnRight = false;
    bool turnLeft = false;
    float cornAngle = 0;

    // finds the corresponding visual wheel
    // correctly applies the transform
    public void ApplyLocalPositionToVisuals(WheelCollider collider) {
        if (collider.transform.childCount == 0)
            return;

        // this is used for the rotation and position for the wheels
        Transform theWheel = collider.transform.GetChild(0);
        Vector3 position;
        Quaternion rotation;
        collider.GetWorldPose(out position, out rotation);

        // 
        theWheel.transform.position = position;
        theWheel.transform.rotation = rotation;
    }

    // Update is called once per frame
    void Update() {
        // 
        bayes = this.gameObject.GetComponent<NaiveBayes>();

        // this line code is used for the steering to allow the vehicle to turn left and right
        if (turn) {
            Debug.Log("TURN: " + bayes.arr[count].left + ", " + bayes.arr[count].right);
            if (count >= maxSteerAngle)
                count = 0;

            // 
            if (bayes.arr[count].left != 0) {
                frontWheelFL.steerAngle = -maxSteerAngle;
                frontWheelFR.steerAngle = -maxSteerAngle;
            }
            else if (bayes.arr[count].right != 0) {
                frontWheelFR.steerAngle = maxSteerAngle;
                frontWheelFL.steerAngle = maxSteerAngle;
            }
            count++;
            turn = false;
        }

        cornAngle = bayes.endCornAngle;

        if (cornAngle < 0) {
            turnRight = true;
            //turnLeft = false;
            Debug.Log("TURN RIGHT PLS");
        }
        else if (turn) {
            if (count <= maxSteerAngle)
                count = 0;

            // 
            if (bayes.arr[count].right != 0) {
                frontWheelFL.steerAngle = -maxSteerAngle;
                frontWheelFR.steerAngle = -maxSteerAngle;
                turnRight = false;
            }

            count++;
            turn = false;
        }


        if (cornAngle > 0) {
            turnLeft = true;
            //turnRight = false;
            Debug.Log("TURN LEFT PLS");
        }
        else if (turn)
        {
            if (count >= maxSteerAngle)
                count = 0;

            // this  is use for taken in the recorded data for the left or right
            if (bayes.arr[count].right != 0)
            {
                frontWheelFL.steerAngle = maxSteerAngle;
                frontWheelFR.steerAngle = maxSteerAngle;
                turnRight = false;
            }

            count++;
            turn = false;
        }

        // this is use for left and right turn
        if (turnLeft) {
            frontWheelFL.steerAngle = 0;
            frontWheelFR.steerAngle = 0;

             if (cornAngle != -maxSteerAngle) {
                frontWheelFL.steerAngle = 0;
                frontWheelFR.steerAngle = 0;
            }

            turnLeft = true;
            cornAngle = 0;
            bayes.endCorner = false;
        }
        else if (turnRight) {
            frontWheelFL.steerAngle = 0;
            frontWheelFR.steerAngle = 0;

            if (cornAngle != maxSteerAngle) {
                frontWheelFL.steerAngle = 0;
                frontWheelFR.steerAngle = 0;
            }

            turnRight = true;
            cornAngle = 0;
            bayes.endCorner = false;            
        }

        backWheelFR.motorTorque = 200;
        backWheelFL.motorTorque = 200;

        // this is use for taken in the recorded data for the accel
        if (speeds)
        {
            Debug.Log("SPEED: " + bayes.arr[count].speed + ", " + bayes.arr[count].back);
            if (count >= 140)
                count = 0;

            // this is use for the max speed
            if (bayes.arr[count].speed != 0) {
                backWheelFR.motorTorque += maxMotorTorque;
                backWheelFL.motorTorque += maxMotorTorque;
            }

            // this is use for the min speed
            if (backWheelFL.motorTorque >= 140) {
                backWheelFL.motorTorque = 140;
                backWheelFR.motorTorque = 140;
            }

            // this is use for the more min speed
            if (backWheelFL.motorTorque <= 0) {
                backWheelFL.motorTorque = 0;
                backWheelFR.motorTorque = 0;
            }

            count++;
            speeds = false;
        }

        // this is use for taken in the recorded data for brake 
        if (brakes) {
            float brake = 0;
                        
            Debug.Log("BRAKE: " + bayes.arr[count].brake);
            if (count >= 40000)
                count = 0;
            
            if (bayes.arr[count].brake != 0) {
                backWheelFR.brakeTorque = brake;
                backWheelFL.brakeTorque = brake;
            }
            count++;
            brakes = false;
        }
    }
}

public class TheCorner : MonoBehaviour {
    [SerializeField]
    private GameObject theRaceCar;

    private NaiveBayes naive;

	// Use this for initialization
	void Start () {
        naive = theRaceCar.GetComponent<NaiveBayes>();
	}
	
	// Update is called once per frame
	void Update () {
		
	}

    // this is use for end corner
    void OnTriggerEnter(Collider enter) {
        if (enter.CompareTag("Player")) {
            naive.endCorner = true;
            naive.corner = this.gameObject.name;
        }
    }
} public class TheCorner : MonoBehaviour {
    [SerializeField]
    private GameObject theRaceCar;

    private NaiveBayes naive;

	// Use this for initialization
	void Start () {
        naive = theRaceCar.GetComponent<NaiveBayes>();
	}
	
	// Update is called once per frame
	void Update () {
		
	}

    // this is use for end corner
    void OnTriggerEnter(Collider enter) {
        if (enter.CompareTag("Player")) {
            naive.endCorner = true;
            naive.corner = this.gameObject.name;
        }
    }
} public class TheCorner : MonoBehaviour {
    [SerializeField]
    private GameObject theRaceCar;

    private NaiveBayes naive;

	// Use this for initialization
	void Start () {
        naive = theRaceCar.GetComponent<NaiveBayes>();
	}
	
	// Update is called once per frame
	void Update () {
		
	}

    // this is use for end corner
    void OnTriggerEnter(Collider enter) {
        if (enter.CompareTag("Player")) {
            naive.endCorner = true;
            naive.corner = this.gameObject.name;
        }
    }
}

// this is use to return to the main menu
public class Buttons : MonoBehaviour {
    // Set the buttons for the display
    void OnGUI() {
        // Set the position for the button
        if (GUI.Button(new Rect(500, 350, 150, 30), "Main Menu")) {
            // Scenemanager is used to return to main menu
            SceneManager.LoadScene("MainMenu");
        }
    }
}

public class FilePoint : MonoBehaviour {
    public string path2 { private set; get; }

    // Use this for initialization
    void Start() {
        // this line of code is used to make multiple file
        path2 = Application.dataPath + "\\logFile\\PlayerLog\\Log.txt";
        if (File.Exists(path2)) {
            for (int i = 0; i < 10; i++) {
                path2 = Application.dataPath + "\\logFile\\PlayerLog\\Log" + i + ".txt";

                if (!File.Exists(path2))
                    break;                    
            }
        }

        Debug.Log(Laps.currPoint + " " + Laps.currLap);
    }
}

// this is use to control the car for the end-user
public class CarController : MonoBehaviour {
    // this is the wheel collider for wheel physics
    public WheelCollider frontWheelFR;
    public WheelCollider frontWheelFL;
    public WheelCollider backWheelFR;
    public WheelCollider backWheelFL;

    // this is use motor, angle and brake
    float maxMotorTorque = 200.0f;
    float maxSteerAngle = 30.0f;
    float maxBrakeTorque = 40000.0f;

    // finds the corresponding visual wheel
    // correctly applies the transform
    public void ApplyLocalPositionToVisuals(WheelCollider collider) {
        if (collider.transform.childCount == 0) {
            return;
        }

        // this is used for the rotation and position for the wheels
        Transform theWheel = collider.transform.GetChild(0);
        Vector3 position;
        Quaternion rotation;
        collider.GetWorldPose(out position, out rotation);
        theWheel.transform.position = position;
        theWheel.transform.rotation = rotation;
    }

    // Update is called once per frame
    void Update() {
        // this line code is used for the steering to allow the vehicle to turn left and right
        frontWheelFR.steerAngle = Input.GetAxis("Horizontal") * maxSteerAngle;
        frontWheelFL.steerAngle = Input.GetAxis("Horizontal") * maxSteerAngle;
        //Debug.Log(frontWheelFR.steerAngle);

        // this line of code is used for the vehicle to go forward and back
        backWheelFR.motorTorque = Input.GetAxis("Vertical") * maxMotorTorque;
        backWheelFL.motorTorque = Input.GetAxis("Vertical") * maxMotorTorque;
        //Debug.Log(backWheelFR.motorTorque);

        // this line of code is used for the brakes to allow the vehicle to stop
        float brake = Input.GetKey(KeyCode.S) ? maxBrakeTorque : 0;

        // this is use fir the brake
        if (backWheelFR.transform.localPosition.z < 0) {
            if (backWheelFL.transform.localPosition.z < 0) {
                backWheelFR.brakeTorque = brake;
                backWheelFL.brakeTorque = brake;
            }
        }
    }
}

// this is used to create the checkpoint that would be used with in the recording part of the checkpoint 
public class Laps : MonoBehaviour {
    public Transform[] pointCkeck;
    public static Transform[] pointCkeckA;
    public static int currPoint = 0;
    public static int currLap = 0;
    public Vector3 startPos;
    public int lap;

    // Use this for initialization
    void Start () {
        startPos = transform.position;
        currPoint = 0;
        currLap = 0;
    }
	
	// Update is called once per frame
	void Update () {
        lap = currLap;
        pointCkeckA = pointCkeck;
	}
}

// this is use for the chech point and call the Laps
public class CheckPoint : MonoBehaviour {
    [SerializeField]
    private CarController carController;
    private FilePoint filePoint;
    [SerializeField]
    private GameObject car;
    private NaiveBayes naive;
    
    public string dateSTR = System.DateTime.Now.ToString();
    public bool changeColour = false;
    public float currDelay = 0.5f;

    // Update is called once per frame
    void Update() {
        // this is use to update the changeTheColour()
        changeTheColour();        
    }

    // this is use for on trigger enter for the end-user to enter check point for the recording the date
    void OnTriggerEnter(Collider enter) {
        naive = car.GetComponent<NaiveBayes>();

        naive.endCorner = true;
        if (enter.CompareTag("Player")) {
            // this is used with the checkpoint that would be used with in the recording part of the checkpoint 
            if (Laps.currPoint + 1 < Laps.pointCkeckA.Length) {                 
                if (Laps.currPoint == 0)
                    Laps.currLap++;
                Laps.currPoint++;
            }
            else {
                Laps.currPoint = 0;
            }
 
            changeColour = true;

            filePoint = car.GetComponent<FilePoint>();

            StreamWriter tw = File.AppendText(filePoint.path2);

            // this is use to recording of the angle of the steer, the move and brake
            tw.WriteLine(carController.frontWheelFL.steerAngle + ", "
                + carController.backWheelFL.motorTorque + ", "
                + carController.backWheelFL.brakeTorque + "");
            tw.Close();
        }
        
        Debug.Log(Laps.currPoint + " " + Laps.currLap);
    }

    // this is use to change the colour of the check point
    void changeTheColour() {
        if (changeColour) {
            transform.GetComponent<Renderer>().material.color = Color.white;
            if (Time.time > currDelay) {
                transform.GetComponent<Renderer>().material.color = Color.green;
                changeColour = false;
            }
        }
    }
}

// the struct is used for the Naive Bayes left, right, speed, back and brake
[System.Serializable]
public struct naive {
    public float left;
    public float right;
    public float speed;
    public float back;
    public float brake;
}

// 
public class NaiveBayes : MonoBehaviour {
    //[SerializeField]
    //private PlayerLog playerLogs;
    public naive[] arr;
    public float turn = 0, lookLeft = 0, lookRight = 0;
    public GameObject corner1;
    public GameObject corner2;
    public GameObject corner3;
    public GameObject corner4;
    public GameObject corner5;
    public GameObject corner6;
    public GameObject corner7;
    public GameObject corner8;
    public string corner { get; set; }
    public bool endCorner { get; set; }
    public float endCornAngle { get; private set; }
    public float corn = 0;

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

    // Update is called once per frame
    void Update() {
        theCornerEnd();
    }

    void naiveBayesC() {
        int files = 0;

        while (true) {
            string path2 = Application.dataPath + "\\logFile\\PlayerLog\\Log" + files + ".txt";
            // 
            if (File.Exists(path2))
                files++;
            else
                break;
        }

        arr = new naive[files * 40];
        string[] line;
        int count = 0;
        int fileCount = 0;

        float yesTurn = 0, noTurn = 0;
        float dirYes1 = 0, dirYes2 = 0, dirYes3 = 0;
        float dirNo1 = 0, dirNo2 = 0, dirNo3 = 0;
        float speYes1 = 0, speYes2 = 0, speYes3 = 0;
        float speNo1 = 0, speNo2 = 0, speNo3 = 0;
        //float corn = 0;

        while (true) {
            string path2 = Application.dataPath + "\\logFile\\PlayerLog\\Log" + fileCount + ".txt";
            fileCount++;

            // this is used for reading in the file for yes or no know property 
            if (File.Exists(path2)) {
                using (StreamReader readtext = new StreamReader(path2)) {
                    while (readtext.Peek() >= 0) {
                        line = readtext.ReadLine().Split(',');
                        
                        // this is use for left turning
                        if (float.Parse(line[0]) != 0) {
                            arr[count].left = yesTurn / float.Parse(line[0]);

                            if (arr[count].left >= speYes1)
                                arr[count].left = speYes1 / dirYes1;
                            if (arr[count].left >= speYes2)
                                arr[count].left = speYes2 / dirYes2;
                            if (arr[count].left >= speYes3)
                                arr[count].left = speYes3 / dirYes3;

                            arr[count].right = 0;

                            yesTurn++;
                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                speYes1++;
                            else if(float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                speYes2++;
                            else if (float.Parse(line[1]) > 132)
                                speYes3++;

                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                dirYes1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                dirYes2++;
                            else if (float.Parse(line[1]) > 132)
                                dirYes3++;
                        }
                        else {
                            noTurn++;
                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                speNo1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                speNo2++;
                            else if (float.Parse(line[1]) > 132)
                                speNo3++;

                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                dirNo1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                dirNo2++;
                            else if (float.Parse(line[1]) > 132)
                                dirNo3++;
                        }

                        // this is use for right turning
                        if (float.Parse(line[0]) != 0) {
                            //arr[count].right = float.Parse(line[0]);
                            arr[count].right = yesTurn / float.Parse(line[0]);

                            if (arr[count].right >= speYes1)
                                arr[count].right = speYes1 / dirYes1;
                            if (arr[count].right >= speYes2)
                                arr[count].right = speYes2 / dirYes2;
                            if (arr[count].right >= speYes3)
                                arr[count].right = speYes3 / dirYes3;

                            arr[count].left = 0;

                            yesTurn++;
                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                speYes1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                speYes2++;
                            else if (float.Parse(line[1]) > 132)
                                speYes3++;

                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                dirYes1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                dirYes2++;
                            else if (float.Parse(line[1]) > 132)
                                dirYes3++;
                        }
                        else {

                            noTurn++;
                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                speNo1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                speNo2++;
                            else if (float.Parse(line[1]) > 132)
                                speNo3++;

                            if (float.Parse(line[1]) >= 0 && float.Parse(line[1]) <= 66)
                                dirNo1++;
                            else if (float.Parse(line[1]) > 66 && float.Parse(line[1]) <= 132)
                                dirNo2++;
                            else if (float.Parse(line[1]) > 132)
                                dirNo3++;
                        }

                        

                        if (arr[count].right > 0) {
                            int i, j;
                            i = 1;
                            j = 30;
                            count = i / j;
                        }

                        if (arr[count].left < 0) {
                            int i, j;
                            i = 1;
                            j = 30;
                            count = i / j;
                        }

                        // this is use for going forwards
                        if (float.Parse(line[1]) > 0) {
                            arr[count].speed = float.Parse(line[0]);

                            if (arr[count].speed >= 140)
                                arr[count].speed = 140;

                            arr[count].back = 0;
                        }

                        // this is use for slowing down
                        if (float.Parse(line[2]) < 0) {
                            arr[count].brake = float.Parse(line[0]);

                            if (arr[count].brake <= 40000)
                                arr[count].brake = 40000;

                            arr[count].brake = 0;
                        }

                        count++;
                    }                    
                }                    
            }
            else
                break;
            Debug.Log(Laps.currPoint + " " + Laps.currLap);
        }        
    }

    // this use our checking the end point of the corner
    void theCornerEnd() {
        if (endCorner) {
            float carAngle = this.gameObject.transform.eulerAngles.y;
            Debug.Log("car ang " + carAngle);
            switch (corner) {
                case "EndCorner1":
                    corn = corner1.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner2":
                    corn = corner2.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner3":
                    corn = corner3.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner4":
                    corn = corner4.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner5":
                    corn = corner5.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner6":
                    corn = corner6.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner7":
                    corn = corner7.transform.eulerAngles.y;
                    endCorner = true;
                    break;
                case "EndCorner8":
                    corn = corner8.transform.eulerAngles.y;
                    endCorner = true;
                    break;
            }

            float ang = 0;
            Debug.Log("coner ang " + corn);
            ang = corn - carAngle;
            endCornAngle = ang;
            endCorner = false;
        }
        else if (endCorner) {
            endCorner = true;
        }
    }
}
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