[image: ]
University of Wales Trinity Saint David
School of Computing
[bookmark: _Hlk38920298]An investigation into autonomous robotics and what methods and technologies are used to produce them
Kieran John Ayres (P149775)
26/04/2020
Project Management and Research Methods/ACCA5014











Contents
Introduction	1
Aims and Objectives	2
Background	2
Research	7
Conclusion	8
References	14
Bibliography	14


2

[bookmark: _Toc478373739][bookmark: _Toc38818457]Introduction
The focal point of this assignment is to produce a project proposal for the final year project of the academic year 2020/2021. This will be achieved through research into the subject areas of Artificial Intelligence and Robotics. Artificial Intelligence techniques that could be used are; machine learning, natural language processing, along with an Arduino board or Raspberry PI. This is the focus of the project as it is a high interest of the student proposing the work, due to a lack of knowledge around the subject, this will also be an opportunity to learn and build an understanding in the subject. This report will consist of first, explaining a brief background into the subject area and why it interests the student. The next part is to show the aims and objectives of the project and more so, how they attend to achieve these objectives as ultimately, the three or four objectives will work towards making the aim of the project. The next part of the report is about research into literature, particularly showing a review of different literature that have been published on the subject area. This will then be followed by a section on the intended methodologies that will be used in the project, followed by showing resources required and the expected outcome of the project. This then will be concluded. The title for this project, is as follows:

An investigation into Artificial Intelligence and Robotics and the methods and Technologies that are used in the production of the applications.
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To initiate the report on the proposal, there will be a brief insight into the subject area of Artificial Intelligence and Robotics.

Firstly, Artificial Intelligence, or AI is a technology that has become more conspicuous through recent years with an increase in people researching this subject prompting an increase in the demand for the implementation of AI applications. Artificial Intelligence can be interpreted differently for everyone. It is perceived different in fictional media, but in some ways, gives inspiration and hope to how it could be used one day whereas in reality, it is used in different ways, there are variations of AI that people use, to name a few, these include; Machine Learning, Deep Learning, Neural Networks and Natural Language Processing. There are two ways in which people tend to perceive AI, who believe in the study of intelligence and how to reproduce that within a high level, high performance machine such as a computer so the computer behaves in comparison to how a human’s mind may work [1] these are done using Artificial Neural Networks, or ANNs to model cognitive processes, such as memory, attention and control. ANNs are models that are “loosely inspired by the human brain” [2]. The other way it is viewed is to be used in practical applications to solve real world problems. These developers do not care so much for the mirroring of human perception by the machine but more so for the ability to perform an assigned task rather than to display a general intelligence [1]. There are many uses of AI that are being tested and implemented, an example is within medicine, it is being thoroughly tested and deployed within different departments within medicine. For example, it is being deployed in “classifying suspicious skin lesions”, so it’s being used to identify damage to skin where the human eye cannot identify. It’s also being tested to choose the exact target zones on sensitive areas of the body for radiotherapy, such as the neck. This ensures the sensitive parts aren’t exposed to harmful radiation [3]. The next use that will be discussed is, autonomous vehicles. Once, a topic of the future but in recent times, they have become increasingly more prominent in the world. The last decade is where this innovation has seen progress [4]. One of the most popular manufactures of this product has been Tesla. Tesla have an auto-pilot feature within certain models of their cars, such as the Tesla Model S and Model X. These can “autonomously steer, change lanes, follow vehicles and curves, and park automatically”. However, true autonomous driving is still a few years from production [5]. This is another example of a large impact in which AI is having on the world.  
The next thing that will be given a brief insight into is robotics. Firstly, robots are viewed as “automatically controlled, reprogrammable, multipurpose manipulator, programmable in three or more axes, which can be either fixed in place or mobile for use in industrial automation applications” [6]. There are two types of robots, some are seen as built to carry out more complex tasks than others that are built, there is a type called a fixed robot who are used for industrial usage, such as manufacturing plants. The other type are classed as mobile robots, they are viewed as the more complex, more unpredictable kind, an example of a mobile robot would be a self-driving car [7]. Robotics are viewed as a controversial subject as many people may view that they are increasing the level of people that are made redundant through this form of technology. This started as early as the first industrial revolution, so redundancies have become a more common and somewhat expected part of society which understandably, some don’t agree with the increasing popularity of them. However, they have uses where the job they do is proven safer in comparison to if a human was to do it. For example, they are used in the “welding process in car manufacturing” [8]. By doing this, it takes away the long-lasting health conditions it can impose on humans that work in these roles. 
This project is being proposed to combine the techniques both used in AI and Robotics to design and develop an automated robot which can think, learn and react to the surroundings. In this case, the idea would be to develop a smaller scale self-driving car. The reason this is a good project that is worth doing as it develops a good understanding in the fields of Artificial Intelligence and Robotics and how they can be combined to make other applications. Investigation is worth doing as the field is highly interesting and diverse and it has such a wide scope, so that topics may be discovered that could be researched further. Another reason it is an investigation which is worth the time and effort as it can be expanded and, for example, be placed inside a building to function as a “mini tour guide” for potentially lost people in the building and should that be somewhere the person shouldn’t be, it could alert security. 


Aims and Objectives
The next section of the project proposal is so that the aim and objectives of the project can be explained. The student has used the approach of using the SMART analysis. The project has been broken down into three achievable objectives. How they will be achieved will be discussed. Should these three objectives be completed, then in theory, the project will be completed. 
The objectives of the project are as follows:
1. An Investigation into Autonomous Robotics and what methods and technologies are used to produce them.

2. To design and develop an Automated Robotic System to simulate an autonomously driven vehicle.

3.  To evaluate and synthesize the development project of an Automated Robotic System. 
 

The first of the objectives, is the beginning of the project, due to this being a new field for the student to study, this allows the student to specifically, learn about the different techniques and methods that will be applicable to their project. For example, between the summer and the start of term would be the time to learn about Artificial Intelligence and how to program this in applications and also the new programming language that will be required for robotics related programming. They would measure this by setting themselves targets. If by October, they built an understanding of the language and the configuration of the chosen robotics tool kit. They could begin to apply these skills then to the project idea. This is very achievable, given the timescale they have. The second of the objective will be how the time will mostly be used. As this is the development of the project. This will be measurable using targets, if the student was to set, five months for the project. Each month could then have a proposed deadline such as; assembling the robot, enabling it to move to somewhere on its own, being able to park on its own etc. This is achievable and realistic given that the student has the majority of the academic year to do it. The third objective of the project is the report of the project, this could either be completed as the student goes through the year while doing the project or they could assign a month at the end of the year for working on the report. This would be achievable by giving themselves a month to type it and format it correctly.
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This section of the proposal is so the student can review different types of literature, concluding on these to support the project. This will also discuss the methodologies that they intend to use in the project.
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The Literature review will look at different journals, articles and books to help the student draw meaningful conclusions and build on the project idea, these different sources will help show the student how to approach the project in the next academic year. These may use journals that have already been used in previous sections of the report, but with a much more in-depth review of them. 

The first piece of literature was read and reviewed to gain a better understanding of software methodologies. The journal was Software Development Methods – A Comparative Investigation. This piece was chosen as it helped outline different approaches to software development. The results in the investigation concluded that ultimately, there is no one better approach than the other. As each methodology has advantages and disadvantages, these should be considered highly when managing a project. This is because not meeting deadlines, in company terms would result in loss of money for business. The SDLC approach was shown to be a slower process as the delivery of the software would not be until the final stages of the project. Whereas Prototyping can create “unrealistic expectations” [9] for the times which the project can be completed but this process also satisfied users more as they saw the system deployed earlier and their feedback could improve it. This literature also included a useful table on the differences and one of the noticeable comparisons is, that when using the SDLC, changes in design is minimized whereas in the prototyping method it is encouraged. It also concludes that prototyping is too small. The research methods were useful in this piece of literature as they used questionnaires to get results. The paper overall shows that it the methodology in which a developer chooses to apply depends on the scope of the project [9].

The second section of literature which was chosen to review was MATLAB vs. Python vs. R This was useful to review as it gives the student an insight of the language that they would like to use for the use of the project. They all can be used for the data environment. The paper takes the approach in showing which language is best to teach and which is the best skill for a working environment. The paper outlines each language, expanding on the facts that python has a large library, MATLAB is useful for matrix algebra and that R is open-source statistical software. It details that Python is a much better language for usability. The paper does detail how MATLAB requires to program in a particular way whereas Python and R is easier and better to get used to. Among other advantages, Python users complimenting the language for the simplicity of how to debug the code. Python is also available on all systems and assists in keeping your code simple. free whereas MATLAB requires a pay scheme. Advantages of R include; it’s open source, it can output graphics of statistical analysis and it has a huge community following of users communicating on how to utilise the language. In all the graphs based around the popularity of the language, Python tends to excel at the top of the three of the languages. The paper concluded in saying that Python was the better language of the three which gave the student an indication of the language to use in their project. [10]

The third section of the literature that is being reviewed is the paper TensorFlow: A System for large-scale machine learning. This project is in the field of Artificial Intelligence. TensorFlow is a tool that can be used from Google, the reason this was chosen to review is it has integration with Python and as the student had chosen Python for their project, they thought it would be fitting. The paper firstly summarises what TensorFlow can support, from small to large scale but is great for research. TensorFlow supports predominantly Python based scripting but can also use other languages such as C++ to implement Classes. It uses a single flow dataflow graph to display the running state of the algorithm. It can also generate data when it’s deployed this would be good for the project as it will allow the student to analyse the data carefully to improve the application to work to as much “real-time” as possible. It runs on most operating systems which allows the leeway for the user to use it if they didn’t have the common windows or mac machine. It can also be modelled for speech recognition which is also useful for the student should he need to use this. It concludes by explaining that it can be utilised on large scale systems but also on experiments. [11]
To conclude this literature review, the student has been able to make clear decisions on this project. These include; That they will use Python for the development as this is a strong user-friendly language which has many libraries. It is also a language which is usable long with a robotics tool kit. This also helped them gain another conclusion for the student to utilise TensorFlow as it is open source and friendly with Python. 



Methodologies
This sub-section of the report is to show the different methodologies that will be combined during the project.
The first thing to note is that, this project is a development project, so it will have a variety of methods that will be applied throughout the project. The approach to this project will be positivistic as this lies within the field of development as it is naturally more reliant on test experiments and collecting data and information to analyse and use. The project will use this along with the method of structured questionnaires. 
There will be information collected from test users. After the first objective, there will be a questionnaire to see if there’s any more features that could be added to the project beyond what has been outlined. This will help identify features that would have been missed in the research stage. At the second stage there will be a similar questionnaire where the test users could check if it meets the requirements that will be set out at the start of the project. This is one of the best approaches for the project, as it allows the student to collect the data and analyse to see if things are wrong and it will outline where to make final adjustments before, they complete the project
One of the risks that has been identified in this project is the risk of the student starting the project with limited knowledge as this is a new field of study to them so learning how to interact with the new technologies may prove time consuming for them, to prepare for this, the student should use the summer holidays to start to prepare and learn about the field of the project, by doing this they minimise the risk as they are allowing themselves more preparation time. The other risk that has been noted is if the chosen robot tool kit they are using breaks in the progress. This would slow down their time overall for the project as it may take up to two weeks to have the new parts delivered. This can be prepared for by taking care with the toolkit that they purchase.  
The development methodology of prototyping is the approach in which the student has chosen for their project. This was decided in the literature review section. This methodology has been chosen as they feel it is the best way which suits them, this method allows the student to collect the parts for the prototype first. They can define what it is exactly that they want their product to do. Once this is done, they can then start the development and what is advantageous about this is that it allows a developer to test it and should it not work, or should it need extra features then they can focus on adding the missing features in, they can gather this data by, for example, allowing 5 different people to first test the product and then give feedback for the developer to make the extra additions to the product.


Resources and Outcomes

Upon completion of the literature review, it was decided on the required resources for the project. Due to a lack of experience in the field, there isn’t a final understanding of everything that will be needed. The main things that are required for the project are; A Raspberry Pi kit with an ultrasonic sensor. A laptop with the necessary integrated development environment along with access to the python programming language and an internet connection. There would also be a required access to the university library website as these provide resources for the student to study. 
The final part of this section will show an estimated timeline of the project in which it will be executed, this will be displayed in the form of a Gantt Chart. An example of this is below:
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Conclusion
In conclusion, this document has shown a thorough investigation into the proposed project title; An investigation into Artificial Intelligence and Robotics and the methods and Technologies that are used in the production of the applications. This has firstly shown the reader, an introduction into the background regarding the topic to give them an insight into what it’s about before providing an explanation of why the investigation is worth completing. The report has outlined the aim of the project while dividing this into objectives and discussed how these will be completed. The literature review has proved that there is work in the field that can be used to support the investigation. The project has shown the methodologies it will use to complete this, drawing with a conclusion from this section that they will use the python programming language for their project. Furthermore, there was also a section to show the required resources along with a Gantt chart to show a timescale outlining the project as an idea for when to meet deadlines for stages of the project. Overall, this is an investigation that could have a strong outcome
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