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[bookmark: _cq0mvdq0e6gp][bookmark: _Toc7819951]Introduction-Background to proposed research
[bookmark: _y7pzu6wsi220][bookmark: _Toc7819952]Introduction 
During this section the project will be introduced and the background to the study area will be explained. This section is about understanding the process of the project as a whole and the basics that will be covered during the project. 
[bookmark: _a3xa9sz5d9ln][bookmark: _Toc7819953]Research title
The title of the research project is ‘Design and Implement a Scaled Down Autonomous Vehicle’.
[bookmark: _lv2rwyn4cywv][bookmark: _Toc7819954]Background to the subject area of study 

The oxford dictionaries definition of ‘autonomous’ is ‘Denoting or performed by a device capable of operating without direct human control.’ [1] 
An autonomous car is a car that can drive itself, park itself, make crucial problem solving calculations to decide what manoeuvre to make next based on practicality, speed, efficiency and safety. The vehicle could be potentially be a safer driver than a human. 

To create such a machine many elements are involved for example; the science, electronics, coding, economics, ethics, maths. This is an invention that will change the world as we know it. It has been predicted that ‘Britain’s leading position in developing self-driving cars could produce a £62bn economic boost by 2030, the car industry claimed – but warned that such potential could be jeopardised by a no-deal Brexit.’ [2] It is impregnable that autonomous cars will be created, it is just a race to the finish line to see who will get there first. 

Companies such as Tesla have already brought out cars with Autopilot feature inbuilt and state on their website that in the future these cars will be updated to have full self-driving capabilities. [3] Even though Tesla makes it clear that the autopilot feature is only there to aid you’re driving and that the driver is still responsible for the car needs to be aware of the road. Fatalities have come about while the autopilot has been activate. In one incident the car drove into (without any attempts of stopping or avoiding) a concrete highway lane divider. The man later died in hospital. Tesla cars have safety features that detect if the drivers hands are not on the steering wheel and alerts the driver to put their hands back on the wheel. After the fatality, Tesla looked at the data logged in the car to see what when wrong. The data showed the car had alerted the driver several times during his commute. [4]
 
Even though the accident was still technically the drivers fault, it still confirms that the technology in autopilot cars is not safe enough to be used and sold to the public as the owners are likely to treat them like autonomous cars. 

Other company like Uber are investing in autonomous cars. ‘Uber is planning to list its shares on the New York Stock Exchange in a deal likely to value the ride hailing taxi app firm at about $100bn.’ [5] In the not so distant future Uber plans to have the majority of the cars autonomous. They are investing massive amounts of money into this field. 

It is all very well daydreaming about the autonomous car but in order to have a successful project in designing and implementing a crude version of one, the technical side needs to be understood. 

The autonomous vehicle is able to work via a combination of sensors and wireless communication. The sensors on the vehicle all work together to forms a 3D map of their surroundings. These sensors include, ultrasonic sensors, laser sensors and camera sensors. The ultrasonic sensors allow the vehicle to see objects close. These are used when parking usually [6]. The laser allows the car to see things at a distance and know how far the objects are from the car [7]. These are what make the 3D map. The camera allows the car to see objects in colour. The laser sensors wouldn’t be able to see road markings and read sign posts but a camera can. For example, it can see white lines on the road and knows to position itself in the middle of them. It could see a red circle with a horizontal white line through it, and knows that it’s a no entry sign [8].

The problem with a system like this that it relies on so many things to allow it to drive and be safe on the road. This means the likelihood of errors increase significantly. To address this the cars would have Wi-Fi communication. Each car would be networked with each other. This allows cars to communicate about what they are seeing, what they are doing and what manoeuvre they are going to make next. This takes some of the live calculations away from the car. If one car had to make an emergency stop, then it would tell the car behind it to stop so they would break at the same time, preventing collisions. 

Below is an image of what the network would look like. 
[image: ]

[9] 
Sorting out the networking aspect would be a networker’s role, not an electronic engineers. But an electronic engineer would be expected to have a sound knowledge of networking.  
[bookmark: _xv2cb9dpq7ii][bookmark: _Toc7819955]Field of study
 The aim of this project is to design and implement a scaled down autonomous vehicle. The car industry is relying more and more on electronics. There is currently a race within the industry to get the first autonomous vehicle on the market. This study will look closely at the autonomous vehicle as it is predicted that this is the future of vehicles.  

[bookmark: _hi1a90a5z3jo][bookmark: _Toc7819956]The industry under investigation
The industry that this research paper is focusing on is the automotive industry. In the UK alone the industry as a whole can make £82 billion turnover [10]. Vehicles are more than an accessory in a person’s life. They provide freedom and movement in day to day life. In the UK, there were 26,610 road accident where people were killed or seriously injured.[11]. Developing vehicles that reduce road accidents is crucial. The autonomous car is predicted to do just that. Taking the human out of the equation and have the driving done purely by the car. This research is being completed in the context of developing a scaled electric car that can drive itself, park itself and problem solve safely. 

[bookmark: _krqbranuosp6][bookmark: _Toc7819957]Overarching aim and subsection aims
The aim of the study is to design and implement a scaled down autonomous vehicle which would be able to moreover, park, react and talk to other vehicles. To achieve this main goal it has been broken up into subsections that need to be researched. The objectives are listed below. 
1.   Investigate the electronic theory of an autonomous vehicle. 
2. Evaluate and analyse gathered research on the electronic theory of an autonomous vehicle 
3. Compile requirements and specifications for the electronic architecture of the proposed autonomous vehicle. 
4. Design and implement an autonomous vehicle. 
5. Evaluate and analyse the autonomous vehicle and write an improvements and specifications list. 


[bookmark: _167qq2nwcjer][bookmark: _Toc7819958]Expected outcomes and deliverables

By the end of the academic year 2019/2020 it is expected that a model size electronic autonomous car would have been designed and built to a pre-planned standard. The vehicle would be implemented on a size appropriate road model with signs, turnings and parking spaces. The Autonomous vehicle would be expected to manoeuvre around this road to a satisfactory standard. 

The vehicle will have a user manual explaining the different features and commands. A report will be completed including an in-depth health and safety analysis, feedback from specialists in the industry and further improvements. 

[bookmark: _uucji3w1jxil][bookmark: _Toc7819959]Conclusion 
During this section the project has been broken down into the fundamentals of what it is, what it requires, the steps involved in reaching the final outcome and what the final outcome will look like. This lays a path for the rest of the project work as now there are a set of goals that can be achieved which encourages focused work. 

From this section it is now clear that the Autonomous vehicle is the next big thing in the automobile industry. There is a lot involved in making an autonomous vehicle but the benefits they could potentially provide to the human race could be significant.  Less car related deaths, less traffic jams, less pollution, potentially less car expense in the long run as insurance costs would decrease. 








[bookmark: _g8nb766b7ktn][bookmark: _Toc7819960]Research and Development Methods

[bookmark: _s6owgcyczaml][bookmark: _Toc7819961]Introduction 
This section examines what research is appropriate for the autonomous vehicle. The research methodology will be indepthly discussed the proper way to do good, quality research will be evaluated. In the final parts of this section primary data analysis and how it will be used to review progress will be explained.      
[bookmark: _y0ac6s3pnnn][bookmark: _Toc7819962]Research Methods 
Research methods are an important part of collecting valid research. Without valid research a whole project could be dismissed along with its finding due to the fact that the foundation of its research and study was not professional and properly backed up. Below is an image of ‘The Research Onion’. This is a visual example of the multiple layers involved in research and the steps that are involved.   
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[12] 


[bookmark: _qnl5fya5foef][bookmark: _Toc7819963]Philosophies 
In order to gather the correct type of information that is valid for good research it is important to understand where to look for the information and what type of information and data you should be looking for and gathering. The research philosophy specifies the type of information that should be gathered. There are two types of philosophies, positive and phenomenon. A positive philosophy strategy is a scientific approach to research. It only acknowledges the information that can be measured and proven. However, a phenomenon research philosophy strategy gathers information on how people perceive things, so something using this method could collect information on what people's opinion is of a certain type of food.  

The design and implementation of a scaled down autonomous vehicle project is a based on electronics, coding and networking. These are all scientific based subject areas and relies on the research information to be reliable and accurate. If the data collected and the information is wrong then the project will not be successful. For these reasons the research philosophy method will be ‘positivism’. The research will only be scientific facts and evidence based.

The type of research to be collected has to be established.
There are two methodologies for this, inductive and deductive. Inductive is when you gather your information through other people, i.e. through books, internet, interviews and so on. Deductive is when you analyses something yourself and then you form your own hypothesis based on what you have done, tested, witnessed or experimented with. This project will involve mainly inductive research. In order to design and construct the scaled down autonomous vehicle, inductive research needs to be done. This research will look into professional papers talking about the hardware and software involved in an autonomous vehicle. The project will also involve deductive research. When the scaled down autonomous vehicle is running it will be deductive research that will determine if the vehicle is up to standard or not and weather it is working properly[17].


[bookmark: _ermelmwo8998][bookmark: _Toc7819964]Strategy  
The research strategy discusses the methods that will be used in collecting the research. There are five types of research strategy; Experiment, Survey, Document Analysis, Case Study and Software Developments. These are all valid means of acquiring research. To have substantial and meaningful research there should be at least three research strategies that are implemented when any research study is done. Each research study will naturally lean towards different strategies. In order to work out which three strategies work best for a project it is important to understand what each strategy is. 

Experiment is a strategy that relays on primary research. It is one of the most abrupt research methods and there are three main stages to executing it. 
Stage 1, the experimenter needs to have a hypothesis that they want to test. 
Stage 2, set up a lab experiment or a software experiment to examine if the hypothesis was correct. 
Stage 3 make a note of the results and repeat proses if needed.  

Survey is a strategy. The researcher creates questions on the topic they are researching, duplicates them and asks other people to answer the questions. The results are documented and put into the graphical form. Surveys are a grey area with research as it is difficult to get totally unbiased and reliable data. For example, there may be unequal numbers of men and women, of different ages.  

Document analysis is a strategy where the researcher will look at other researchers’ papers and their conclusions and compare them. They will then use this to guide them in their own work. 

Case study is a strategy that looks in detail at a few companies and see how they have achieved something. 

Software development is a strategy where the researcher will develop a software to collect the data for them. 

Out of these five strategies the most appropriate ones for the ‘design and implement a scaled down autonomous vehicle’ project would be experiment, document analysis and case study. As there are multiple businesses out there at the moment trying to create a road safe autonomous vehicle it would be helpful to look into how they intend to create one and what problems they have encountered. The document analysis is imperative for this project as it will be the source of all the research concerned with the electronic implementation. The experiment strategy will highlight any issues with the device of which will then be resolved. This is how the final testing will be done to see if it has succeeded or not. 

[bookmark: _xihs5jtvky5x][bookmark: _Toc7819965]Reliability, Validity and Generalisability
Quality research is directly proportional to its reliability, validity and generalisability. In order to understand what quality research is, it is imperative to understand what these three terms mean.

Term 1 - Reliability.
If the research was carried out multiple times would the outcomes be predictable or would they be unpredictable? 

Term 2 - Validity.
Does the data collected reflect the real world? For example a researcher may think they have collected data that is valid but they are missing vital parts which would affect the final outcome.

Term 3 - Generalisability.
When research is being carried out, often there will be more components that can be tested than is possible to test. 
The researcher may gather data and then make a generalisation of what the rest of the data would be based on the gathered data i.e. you can only interview a small amount of the population and everyone else’s answers would need to be predicted.
The quality of the research is based on how the generalisation compares to the components 


[bookmark: _dt9aisonjizy][bookmark: _Toc7819966]Data Collection Methods 
In order to design practical efficient data collection methods. It is important to understand what type of data needs to be collected. The data for this project will mostly be numerical data consisting of numbers and values. The data will also fall into groups as different sensors are going to be uses so there for the data for the different sensors will be categorical data as well as numerical.

The numerical data that will be collected will fall under the category of continuous data. This type of data will be a range of values. The data can then be categorised and will fall under the original data category. This is because the data can be ordered and ranked. 

Once the data has been collected, tests to look for relationships and patterns in data will be required. In order to achieve this, quantitative research methods need to be used. Quantitative research is a type of primary research that retrieves only mathematical data. Research to achieve this would be lab experiments testing how the sensors cope under certain conditions and what their breaking point is. Secondary research will also be carried out, but it will be used to gather general data and information such as what companies have tried and what they are currently testing, what methods are proven to work, are they within the budget. It could be that the methods large vehicle companies are using will be over budget so other methods may need to be experimented with.[14]








[bookmark: _bzhad960up16][bookmark: _Toc7819967]Development Methods and Techniques  
Development methods are structured. Templates that a project developer or manager can use to make the project more manageable and effective are available.  To pass through the stages of development the ‘waterfall’ method will be used. This method is where the project developer moves from start to finish step by step in a logical manner. It is the traditional way of doing things. There are other methods such as Scrum, Kanban, Scrumban and Extreme programming but many of these methods are more suited to companies and group work. 
[15]

There waterfall method is a very general method that looks at the whole project. In order to develop the project and to make sure that it is progressing in a satisfactory way a progress documentation would be regularly updated. As the project is an electronics project, a method for faster project development could be to after build a prototype to test it in real world conditions before moving on to the next stage. This sounds long winded but it prevents a build-up of issues of which the developer may have to re-study the methods and techniques they used by the time they realise there is an issue.[16] 


[bookmark: _4886p77v3rs2][bookmark: _Toc7819968]Limitations, Ethical and Legal Issues
During the course of a project, there is could be unexpected issues and problems. In order to minimise these, it is important to be realistic with the problems and issues that may occur in hope that doing so will better prepare for different scenarios.  

The more complex the project the larger the probability of error. Constructing an autonomous vehicle of any proportion is a complex task. This opens up the doors to many issues that may arise. During this section the most likely problematic issues will be brought to attention. A separate risk assessment will be constructed in the future and will be a more in depth examination.  

1. Time constraints 
2. Facility constraints. 
3. Funding constraints
4. Lake of experience and professional knowledge 
5. Unachievable goals due to other constraints 

Thorough planning and the use of planning tools and systems such as Gant charts and Microsoft Project should prevent issues such as these. Designing a Gant chart should help with the time management, avoiding unexpected errors or issues, and should keep the project within the Gant charts time constraints. 
Facility constraints refers to the software and the electronic equipment needed to carry out the project. These are stationed in a lecture room in the university. The university is open 24 hours but if there is a lecture taking place then the computers are inaccessible. This problem could be avoided by finding out when the room is free and working on the project during that time. 

Funding constraints affects the project only as far as the variety of materials and components available for use. Autonomous vehicles are very expensive to create requiring highly sophisticated and powerful equipment should the vehicle drive on the road. This project involves making a small autonomous vehicle that will not be on suitable for roads and therefore does not have to meet the high standards of the vehicle manufacturers. This means that the costs will be reduced as the component specification is considerably lower than those required for commercial vehicles. Cheaper alternatives will be explored.

Lake of experience and knowledge is unavoidable. To address this issue, extra time will need to be allocated. 

The goals set today are achievable, however unexpected things happen which may disrupt the plan. There isn't much planning that can help situations like this however trying to start slightly ahead of schedule may help but this is not always an option. 

The project aims to build an autonomous vehicle the size of a remote-control car, hence there are no ethical or legal issues. The vehicle will not be driven on a public highway.

[bookmark: _kxt11e81dl7k][bookmark: _Toc7819969]How will the data be analysed and evaluated    
The data collected will be in several different forms. Data will consist of numbers and values that the autonomous vehicle produces, and some will be from prototype testing that were taken during tests to how it physically reacted in different scenarios. This data will be compared to the aims and objectives that were discussed earlier in the document. The results will also be benchmarks with other devices that perform similar functions for example, self-driving toys. 

[bookmark: _g3q08eau1k4r][bookmark: _Toc7819970]Conclusion 
[bookmark: _GoBack]This section analysed the research methodology that will be used to gather good quality and suitable data for the autonomous vehicle project. The potential threats to the project that could prove to be an issue would acknowledged and solutions suggested. 




[bookmark: _j2ne6qgj9dbu]

[bookmark: _Toc7819971]Resources and Planning

[bookmark: _14hy1te166ao][bookmark: _Toc7819972]Resources required 
In order to product a completed project access to resources are required;

· Computer with internet access and Microsoft applications. 
The computer for all the CAD work and to design the schematic, internet to aid in research and allow access to google documents account.  The Microsoft applications for the written documentation and  the mathes, graphs and tables. 
· Proteus software 
This is for creating the schematics and virtually programming the PIC.  This software simulate the virtual device. 
· Matlab 
This is to make predictions of the data that sound be received. It allows for errors to be picked up sooner if the device is not behaving how it should.  
· PIC programming equipment (MPLab)
The is to transform the code from the computer into the PIC
· Osciloscop
This is to measure waveform and signals going on in the software, it aids fault finding 
· Multimeter 
This is to measure that voltage and current in particular parts of the circuit, it also aids fault finding
· Soldering equipment
When the device is working it needs to transfered on to a bored and soldered in so the components are secure. 
· Breadboarding equipment 
This is for the device is in the testing stand and the components need to be easily interchangeable.   
· Components 
These will make up the physical device 
· Books, papers, research litrater 
These will aid in the research.






Gantt Chart and Planning 

In this section the project planning and time scale has been planned. In order to stay on track on to make sure that the work done is quality and not rushed a Gantt chart and time line have been constructed using Microsoft Project. The project is as electronics based so most of the time has been designated to the hardware side and the prototyping. The project is going to be completed over the summer so that it can be done to the best standard. See below for the Gantt chart. 
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Conclusion

In this section the racecourses and planning have been discussed. It is now clear what material and software’s will be to be accessible during the project and how much time each stage will have. The Gantt chart provides a structured environment that discourages procrastination and encourages productivity.  
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