Page | 1

Page | 23





Table of Contents

Table of Figures	4
1.	Introduction	5
2.	Background Literature	6
2.1	What is Artificial Intelligence?	6
2.2	What are Neural Networks?	7
2.3	How do Machines Learn?	8
2.4	How do AI Navigate and Path find?	10
3.	Aims and Objectives	11
3.1	Aim	11
3.2	Objectives	11
4.	Research Methodology	12
4.1	Positivist Philosophy	12
4.2	Deductive Approach	13
4.3	Strategies	14
4.3.1	Document Review	14
4.3.2	Development	14
4.3.3	Experiment	14
5.	Development Methodology	15
6.	Risk Management	16
6.1	Risk Impact and Probability	16
6.2	Risk Exposure and Reduction Leverage	18
7.	Analysis	19
8.	Deliverables	19
9.	Resources	20
9.1	Physical Resources	20
9.2	Human Resources	20
9.3	Timeline	21
10.	Conclusion	23
References	24

[bookmark: _GoBack]

[bookmark: _Toc15030025]Table of Figures
Figure 1: Character “A” in different fonts [][].	6
Figure 2: A neural network example [1].	7
Figure 3: Sigmoid Function [2].	9
Figure 4: Tanh Function [3].	9
Figure 5: Spiral Model Software Development Life Cycle Diagram [1]	15
Figure 6: Risk identification	16
Figure 7: Probability Impact Matrix	17
Figure 8: Risk Exposure	18
Figure 9: Risk Reduction Leverage	18
Figure 10: Gantt Chart Project Plan	21
Figure 11: Gantt Chart Graph	22



1. [bookmark: _Toc15030026]Introduction
This paper will be outlining the project proposal focused on the research and development of an AI system which is able to make pathfinding decisions in a dynamic and changing environment. Multiple peer reviewed papers which pertain to the development of smart and efficient AI which can carry out this task will be examined and critically reviewed to build a background understanding of what will be required to complete the project.
The goal of the project is to design and develop a prototype AI system with the use of open source material which can make pathfinding decisions and train the system to navigate its way through an unfamiliar and changing environment. This type of AI will be useful in electronic games and geolocation technology dependent systems and automated transport.
The background literature will be briefly explored in this report, outlining the key aspects that are required to be understood to continue developing a prototype. The aim is to find where some sources differ, and explore why some use or prefer one method, while another source will be of a different view point.
The philosophical methodology of the project alongside the approach and strategies being taken will be outlined as a fallback reference when the project is underway. The development methodology will also be chosen and explained. 
Lastly the deliverables of the project and the time frame the project need to be completed will be outlined as project requirements and time management guidelines, although these requirements may undergo alterations as the project progresses and new information becomes available through testing.

2. [bookmark: _Toc15030027]Background Literature
2.1 [bookmark: _Toc15030028]What is Artificial Intelligence?
When a person is shown an image of an alphanumerical character, assuming they have pre-existing knowledge of the language, their brain can assign a value or derive meaning from the character [1], [2]. Even if the character is not an exact replica, the human brain is still able to read them as an equivalent character, for example, if shown the two characters in figure 1, the human brain is still able to recognize both as the letter “A” [1], [2].
[image: Related image][image: http://calligraphyalphabet.org/wp-content/uploads/brush-calligraphy-alphabet-a.jpg]
[bookmark: _Toc14972001]Figure 1: Character “A” in different fonts.
An artificial intelligence is a computer system which has bee trained to emulate these types of human tasks through learning and automation [1]–[4]. Emulating human like decision making makes artificial intelligence vastly different from other machine applications [1], [3]–[5]. The AI can be trained to recognize new images, hear and understand speech, move through new environments and recognize patterns and make its own decisions about them much like a human [1], [3]–[6].
For an AI system to achieve this type of decision-making ability, it first needs to process a large set of labelled data which it can then learn the patterns and outputs from to tweak and adjust its decision-making processes to better match the predetermined label, it can then apply this decision-making process to circumstances it has not yet experienced [2]–[5], [7]. This means the system is not pre-programmed and does not just repeat the same processes but is able to correctly identify and decide which is the best outcome to choose while continuously improving itself with experience [2]–[5], [7].
A key aspect of AI is for it to be fully automated, able to execute the task without human intervention and being able to do so with its own intuition [3]–[5]. This does not mean the system should be made to complete one task repeatedly the same, but able to adapt to the specific environment it is exposed to and decide what to do at its own discretion [3]–[5]. 

2.2 [bookmark: _Toc15030029]What are Neural Networks?
At its core, Artificial Intelligence neural networks are an input-output system which take in a specific type of data which it has been developed for. With the use of mathematical algorithms to pass its decision-making biases through often multiple layers of interconnected nodes to produce an answer or result [3], [4], [8], [9]. 
One application for a Neural network is to recognize images or objects in images from objects in different images, for example, recognizing alphabetical characters, animals or vehicles [10], [11]. To train a neural network to do this, first it needs to be exposed to thousands of images with labels of what they are so the AI can train itself to differentiate between different elements in an image [10], [11]. 
Once trained, the neural network can be exposed to an unfamiliar, unlabeled image which will then cause the first hidden layer of “neurons” to fire, these neurons respond to edges, curves and shapes [10]–[13]. The next hidden layer of neurons is passed the responses of the first layer, which it then fires some of the neurons which respond to more complex structures which are made of the edges and shapes [10]–[13]. The top layer of neurons is then passed the decisions from the previous layer to then piece together the complex structures into more abstract concepts that humans would identify as the object passed in [10]–[13]. The neural network then outputs an answer based on its most likely prediction [10]–[13].
[image: ]
[bookmark: _Toc14972002]Figure 2: A neural network example [12].


2.3 [bookmark: _Toc15030030]How do Machines Learn?
For a machine to learn how to more efficiently complete a task, it needs to be exposed to large amounts of data which has been correctly labelled, so when it digests a piece of the training data, it can use its initial prediction, and compare it to the answer to the label so it can better adjust its neural activations and weights between the neurons in a process called Deep Learning with an algorithm called back propagation [10]–[16]. 
This method of machine learning first requires a large amount of data which has been correctly labelled by humans, the human intelligence can then be leveraged to help replicate the complex biological systems that are used to recognize information [10]–[18]. The calculus that is used to create the complex algorithms essentially looks at the decision that the neural network made, compares it with the decision it should have made based on the label provided, it then calculates the gradient of the error function, and propagates the changes required to correct the weights of the previous layer, which is then further propagated to the previous layer [10]–[18]. 
This process can take a large amount of time to complete with large amounts of data, so instead it is sometimes more computationally efficient to randomize the order of the training data and subdivide it into batches [12]–[16], [19]. The alterations that these batches suggest can be calculated and applied one at a time, each batch improving the network further, once this process is completed, the network has been trained, and can better decide how to give more accurate predictions [12]–[16], [19].
There is some debate over which convergence function is better to use when calculating the activation of a neuron, the convergence function acts as a boundary enforcer to ensure that the value computed by the neuron is condensed down to a value between 0 and 1 or -1 and 1, depending on the function being used [20], [21]. 


On one hand some sources argue that the “sigmoid” function is best suited as it only exists between 0 and 1 which means it is especially useful for predicting the probability as an output, as the probability of anything only exists in the range of 0 to 1 [20]. 
[image: ]
[bookmark: _Toc14972003]Figure 3: Sigmoid Function [20].
Others argue that the “tanh” function is better suited as it exists between -1 and 1, which means that it centers around zero as opposed to “sigmoid’s” 0.5, which makes the learning process easier on the network as the backpropagation algorithm is being used [21], [22].
[image: ]
[bookmark: _Toc14972004]Figure 4: Tanh Function [21].
2.4 [bookmark: _Toc15030031]How do AI Navigate and Path find?
With the development of geolocation technology, autonomous robots and the electronic game industry, more and more games and devices are implementing artificial intelligence to improve the quality and capability of the products [23]–[26]. Pathfinding AI which decide how to get from one place to another are invaluable for these technologies [23]–[26]. This field of artificial intelligence is ever growing, as automated robots and smarter electronic game AI are in increasing demand and development [23]–[26].
In 1959, E. W. Dijkstra proposed an algorithm that was able to calculate the shortest path between two nodes on a graph, Dijkstra’s Algorithm [26]–[31]. This algorithm is a breadth-first algorithm meaning its efficiency decreases the larger the problem space becomes, this is because the algorithm is essentially blind in the problem space and calculates the shortest path to every node in the graph [26]–[31].
Dijkstra’s algorithm was further improved on in 1968 by Peter Hart et al [27]–[29], [31]–[35]. This algorithm is called A*, which improves on Dijkstra’s by introducing heuristic approximation to assess the optimal node which should be processed in the search next [27]–[29], [31]–[35].. A* does not always find the most optimal path like Dijkstra’s but it is able to calculate its path in a more efficient way even when the problem space increases [27]–[29], [31]–[35].. A* is currently the most popular path searching algorithm where it is being used in Global Positioning Systems (GPS), electronic game AI and computer networks like the internet and business network infrastructures [27]–[29], [31]–[35]..
With the development of autonomous robots, AI pathfinding has been used to create vehicles that are able to collect information of their surroundings with 360 degree infrared cameras, understand the different elements of its surroundings by having its neural network trained with large quantities of data, and then best decide how to navigate its way through the dynamic environment while being programmed to abide by the road safety rules that apply to all drivers [26], [31], [33]–[42].	



3. [bookmark: _Toc15030032]Aims and Objectives
3.1 [bookmark: _Toc15030033]Aim
The overarching aim of the project is to design and develop a prototype AI system which can navigate a path through a dynamic three-dimensional environment without encountering any stalled positions where it becomes stuck and unable to progress further in the stage. The system would ideally be able to calculate the shortest route from its starting point to a destination point which has been predetermined, and it should be able to do this decision-making process in ideally under 1-2 seconds.
3.2 [bookmark: _Toc15030034]Objectives
1) Research and investigate the mechanics behind AI, focusing on which implementation of neural networks and smart algorithms would be most suitable to develop a solution.
2) Design a suitable solution, which will include the design of the neural network with an appropriate input method which can then produce a useable output which will work towards the decision making of the system to navigate through a dynamic environment.
3) Experiment with available software to create a suitable prototype which can potentially perform the task and develop the prototype with a spiral development methodology.
4) Find a suitable training set for the neural network to use to “learn” how to correctly path find it way around the environment it is presented with. Alternatively, a training method will need to be designed from the ground up being specifically designed for the prototype in development.
5) Test the AI prototype in an environment it has not yet been exposed to, in order to measure the effectiveness and efficiency of the AI. The results gained from the tests will be analyzed and used to further improve the system until it has reached the satisfactory requirements predetermined in the aim. 
6) Documenting all findings and results in an appropriate academic fashion for marking and future reference purposes.


4. [bookmark: _Toc15030035]Research Methodology
4.1 [bookmark: _Toc15030036]Positivist Philosophy
The project will take on a Positivist philosophy as it will be viewing sources which contain factual knowledge which has been gained from research and observation []. Due to the nature of the project, the data which is collected from the prototype will be in the form of time and distance measurements which will be interpreted in an objective view [43].
The aim of research is to explain the mechanics behind neural networks and machine learning while also trying to predict the outcomes and use those predictions to help develop and improve the prototype [43].
Taking on this philosophy means that the observer should be independent to the results, not having any direct connection to the data, only being there to analyze and infer a connection between the variables involved, meaning human interest should be irrelevant [43]. 
The explanations must be logical, using the statistical analysis to demonstrate a causality and with this hypotheses and deductions can be made which will help add to a preexisting theory [43].
Concepts and improvements need to be expressed or defined in terms of operations to determine or prove their validity and offer a valid method of measuring the effects they have [43].
When analyzing the data, the units of analysis should be reduced to the simplest terms, meaning the use of numerical scales and generalization through statistical probabilities [43].


4.2 [bookmark: _Toc15030037]Deductive Approach
The approach the project will take will be a deductive approach [44], [45]. This approach means that the project will work from “top down”, meaning that an initial theory or idea will be gained from research, and the hypothesis of the theory will be deduced [44], [45]. 
From that, a hypothesis will then be formulated based on the theory, and a research strategy will be designed to test the hypothesis with quantitative methods such as regression and correlation analysis, mean, mode and median [44], [45]. 
The outcome of the tests will then be examined which will either confirm or reject the existing theory [44], [45]. To ensure the test outcomes are valid, they will be compared with literature findings [44], [45].
Once the data has been gathered and analyzed, it will either support or contradict the hypothesis, which may require the modification of the hypothesis to better suit the model the results suggest [44], [45].


4.3 [bookmark: _Toc15030038]Strategies
4.3.1 [bookmark: _Toc15030039]Document Review
With the chosen research approach, it is important to review existing literature to find existing theories on the subject [46]. Multiple documents will be critically reviewed to find a common theory which will then be used to deduce a new hypothesis which can then be tested [46]. To avoid issues during development, the existing research material will be a fall back when re-evaluating and planning improvements for the system [46].
4.3.2 [bookmark: _Toc15030040]Development
To test the hypothesis, a prototype will be developed which will follow a cycle of planning and designing the system, implementation of the designs in code, testing the system in a suitable environment, and finally reflecting on and analyzing the results of the tests before going back to the planning stage [45]. This strategy will likely take multiple cycles to complete the full development of the prototype [45].
4.3.3 [bookmark: _Toc15030041]Experiment
When testing the hypothesis made from the existing theory, the experiment strategy will allow the model to reveal the relationships between variables, whether they be symmetrical, reciprocal or asymmetrical relationships [45], [47]. This strategy will allow for a high level of control to determine these relationships, and these results will be gained with minimal time investment due to the nature of the project being computer system based and non-reliant on human input [45], [47].

5. [bookmark: _Toc15030042]Development Methodology
The development methodology used for this project will be the Spiral model [48]. The prototype will go through multiple cycles of planning solutions, identifying risks and problems, developing and changing the prototype and then testing, experimenting with and reviewing the prototype to then return to a planning phase [48].
This methodology is appropriate for this type of project as it allows for the prototype to be flexibly developed over an extended period while always making progress to a final product [48].
A big advantage of this software development model is that the development of the product can be observed throughout the project even from the early stages, as opposed to the waterfall method where a working product would not be achieved until a few phases in, this will be beneficial as experiments and testing of the prototype will be possible from early phases of the project [48].
One issue of the chosen software development model is the number of cycles required to complete the project fully is unknown at the start of the project, so time estimation and time management will be difficult [48]. This issue will be mitigated by reviewing existing literature to find projects on a similar scale, and to find the time those projects took to complete [48].
[image: ]
[bookmark: _Toc14972005]Figure 5: Spiral Model Software Development Life Cycle Diagram [48]

6. [bookmark: _Toc15030043]Risk Management
6.1 [bookmark: _Toc15030044]Risk Impact and Probability
To ensure the project can be completed without issues, the risks need to be identified with their probability of occurring, and their impact on the project in terms of the budget allotted to the project [49], [50]. To properly identify the risks that need to be dealt with, a probability impact matrix can be used to decide where resources being spent would have the most effectiveness in ensuring the project is not disrupted [49], [50].
Figure 6 indicates the percentile ranges implied for the probability impact matrix, outlining the probability of the event effecting the project, and the impact the event will have on the project in terms of the effect on the budget, and how much of the budget will need to go towards correcting the damages caused by the event [49], [50].
[image: ]
Figure 6: Risk impact and probability key
Figure 7 shows the risks that were identified which if occurred would have an impact on the project [49], [50]. The budget of the project was based on the time constraint which is imposed on the project, which is 230 days (Mon, 1/07/19 – Thu 13/02/20) [49], [50]. If a risk occurring would cause a delay in the project, then its impact would be calculated on how much delay was caused [49], [50].
[image: ]
[bookmark: _Toc14972006]Figure 7: Risk identification


The matrix illustrated in Figure 8 places the risks identified in Figure 7 according to their respective probability and impact on the project [49], [50]. The squares in grey represent the tolerance line, where any risks inside those squares need to be dealt with by having measures taken to reduce either the probability of the event happening, or the impact said event has on the project [49], [50].
[image: ]
[bookmark: _Toc14972007]Figure 8: Probability Impact Matrix
The risks that passed the tolerance line were the loss of data risk and the technological shortcoming risk (Risk 1 and Risk 8 in Figure 8). Risk 1 can be mitigated by purchasing an external hard drive to continuously backup the project on, in the event of the primary work being lost, it can then be replaced [49], [50]. Risk 8 can be mitigated by evaluating the current technology available, if it does not appear to be up to standard, then higher spec computers can be purchased to fit the needs of the project [49], [50].
6.2 [bookmark: _Toc15030045]Risk Exposure and Reduction Leverage
Another way to identify whether a risk is worth dealing with in advance is with the use of “Risk Exposure” and “Risk Reduction Leverage” [49]–[51]. Risk exposure is how much real impact a risk has on the project by finding the product of the impact the risk has on the budget and the probability of the risk occurring, this value indicates how much of the budget is worth spending to reduce the respective risk [49]–[51]. 
Figure 9 shows the potential risks and the exposure the risk has on the project, indicating the real impact had on the project, indicating how much should be spent to mitigate the risks [49]–[51].
[image: ]
[bookmark: _Toc14972008]Figure 9: Risk Exposure
Risk reduction leverage uses the cost of an actual reduction measure, the estimated probability of the risk occurring after the reduction measure and finding if the measure is worth doing based on its leverage value, if the value if one or greater, then the measure is worth doing [49]–[51]. Figure 9 describes reduction measures with their cost and impact on the risk’s probability [49]–[51]. The risk exposure is then recalculated, and the reduction leverage is calculated with the following equation [49]–[51]. 
“(RE before – RE After)/ Cost of reduction” [].
[image: ]
[bookmark: _Toc14972009]Figure 10: Risk Reduction Leverage
With this, it is apparent that purchasing a backup hard drive is worth doing to mitigate the risk of losing work [49]–[51].
7. [bookmark: _Toc15030046]Analysis
During the project, many sources are going to be available while only a few being reliable references for the project. To ensure the sources that are found are reliable, they will need to be peer reviewed articles, journals, conference proceedings or books, while websites, forums and newspapers will be avoided unless a video is being directly quoted.
When testing the prototype, the data returned will show how long the AI took to navigate the environment, and how far it traveled, these values will be used to analyze the effectiveness of the prototype.

8. [bookmark: _Toc15030047]Deliverables
The deliverables the project will produce are as follows:
· Initial Designs: This will include problem solving exercises, code planning, environment designs and neural network plans.
· Prototype: This will be the physical implementation of the project being the AI system that can successfully navigate a dynamic environment it has not yet been exposed to.
· Documentation: This will be the report which details the design and development process, and the tests and results which were used to further improve the system.


9. [bookmark: _Toc15030048]Resources
For the project to be designed, developed and completed, the resources outlined in the following subsections will be required.
9.1 [bookmark: _Toc15030049]Physical Resources
· Software Suites:
· Microsoft Office for presentation
· Visual Studio for programming environment
· Unity for testing environment
· Microsoft Visio for presentation
· Microsoft Project for time management
· Microsoft SQL Server for database storage and management
· Programming languages:
· C++
· C#
· SQL
· Learning resources
· IEEE and ACM for academic research.
· Library.
· Facilities
· Y Forum for private and quiet work space.
· University labs for high spec computers for intensive AI training.
9.2 [bookmark: _Toc15030050]Human Resources
· James Millns (Developer)
· Gordon Dickers (Mentor)
· David Williams (Academic Support)
9.3 [bookmark: _Toc15030051]Timeline
Following the spiral method, the project will be subdivided into iterations, each iteration containing planning, design, implementation, testing and analysis stages [48]. At this stage, it is impossible to accurately identify how many iterations will be required to complete the project, hence a rough outline of each iteration has been given, assuming each iteration will be 3 weeks [48].
The beginning of the project is when the research began, which was the 18th July 2019, and the deadline of the project is 1st May 2020.
When the full project is underway, a more in-depth project plan will be possible to make which can have more detailed subdivided tasks outlined [48]. The research and documentation will be ongoing throughout to ensure the project keeps pace with the ongoing development in the industry, and so the project is properly documented at every stage of development and testing [48].
[image: ]
[bookmark: _Toc14972010]Figure 11: Gantt Chart Project Plan
[image: ]
[bookmark: _Toc14972011]Figure 12: Gantt Chart Graph


10. [bookmark: _Toc15030052]Conclusion
To conclude, the project plan is to research the literature pertaining to artificial intelligence and neural networks, with the goal to design, develop and test an artificial intelligence that can navigate through a dynamic and changing environment. 
This project will adopt the positivist philosophy, using a deductive approach to examine the existing literature, and develop a hypothesis with the goal to test that hypothesis with a research, development and experiment strategy.
The development methodology of the project will be the spiral method, using multiple iterations to plan, design, implement, test and analyze as the prototype is in development. This approach will allow for a high level of flexibility and documentation while being able to clearly view the progression of the project.
With the use of risk exposure methods, it has been established that purchasing a suitable memory backup device will be of high importance to ensure the risk of losing data does not impact the project in a negative way.
The deliverables of the project will be the initial designs, the prototype and the documentation, while the resources required were outlined in terms of software suites, learning resources and facilities that would be required to complete the project, as well as the human resources required.
Finally, a vague timeline was made to give a temporal context to the project, with the deadline being outlined, and a iterative approach being incorporated into the development plan of the project, with plenty of room for alterations.
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