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1. INTRODUCTION

1 Introduction

The initial perception of autonomous vehicles is to bring consumer convenience and comfort. How-
ever, the main underlying reason for the increase in demand for autonomous vehicles and Advanced
Driver Assistance Systems (ADAS) is for safety. Over 90% of traffic collisions are a result of human
error. ADAS looks to reduce this human error, with autonomous vehicles looking to eliminate it
completely.

Machine learning algorithms are one of the primary technologies used to ensure an autonomous
vehicle can predict and adapt to changes in the environment. Web applications are aimed at
the consumer experience spectrum of autonomous vehicles, ensuring consumer convenience and
comfort. The purpose of this proposed project is to investigate machine learning algorithms and
web applications in the field of autonomous vehicles.

To achieve the stated aim, secondary research will be collected in the relevant fields of machine
learning and web applications relating to autonomous vehicles. Once this stage is complete the
design of a test system incorporating hardware, a machine learning algorithm and web application.
This designed system will be implemented using an agile development process based around Rapid
Application Development, with a focus on prototyping and refinement stages. Once the implemen-
tation stage has ended, experimentation will take place testing the effectiveness of the implemented
machine learning algorithm. Data will be collected and compared with related studies.

The proposal is structured with firstly an overview of the background information and literature
related to the project introduced. This is followed by a chapter outlining the aim and objectives
of the project. The next chapter discusses the research and development methodology which will
be adopted for the proposed project. The final chapter in the main body of the report presents
the project plan and includes a Gantt chart showing the timelines for key areas of the project. All

explored concepts and a summarization of the project are given in the conclusion.
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2 Background Information

The topic of autonomous vehicles produces the impression of emerging recently, however, significant
research and development date back to the mid-1980s. The first significant development in the
field was made by Ernst Dickmanns [1] who created a self-driving vision based Mercedes-Benz van.
However, this creation was never adopted by automobile manufacturers or other institutes due to
research and technology costs.

Advances in technology and high demand in safety resulted in the research and development
of semi-autonomous systems known as Advanced Driver Assistance Systems (ADAS) [2]. Many
modern day cars feature ADAS as standard or optional equipment. These include lane keeping
assist, park assist, adaptive cruise control and stop assist systems [3]. Due to the advances in
technology and development of ADAS fully autonomous vehicles have become a reality of the not

too distant future.

2.1 Levels of Automation

Due to the increasing numbers of manufacturers adopting ADAS technologies, the Society of Au-
tomotive Engineers (SAE) determined classifications for levels of automation in vehicles [4]. There
are five classifications which are defined by the SAE and adopted by the National Highway and

Traffic Safety Administration (NHTSA) (table 1) [5].

Table 1: Automation Levels in Vehicles [5]

Level Automation
0 No Automation
1 Driver Assistance
2 Partial Automation
3 Conditional Automation
4 High Automation
5 Full Automation

Level 0 is classified as no automation, meaning that the driver performs all driving with no
assistance. Currently, this classification is extremely rare as many vehicles possess a form of driver

assistance e.g. power-assisted steering. Level 2 classified vehicles have partial automation, meaning
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that the vehicle can control steering and acceleration in particular instances. However, the driver
must be aware of the surroundings and take control whenever necessary. Vehicles classified above
level 2 are considered autonomous, with the vehicle performing the majority of driving operations

[6]. The driver is essentially a backup.

2.2 Fully Autonomous Vehicle

Nikowitz [7] defines an autonomous vehicle as “A vehicle that is designed to travel between desti-
nations without a human operator”. Fully autonomous vehicles are classified as level 5 by the SAE
definitions of automation. Fundamentally, this defines that a fully autonomous vehicle requires no
driver with no steering wheel or operating pedals.

A fully autonomous vehicle operates via multiple software algorithms which use data captured
from various sensors arranged around the vehicle. Most algorithms are based around various ma-
chine learning implementations, allowing the software to adapt to changing environments [8, 9].
Sensors are arranged around the vehicle to create a 360° field of view, which is a necessity for a

fully autonomous vehicle to function safely and effectively (figure 1).
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Figure 1: Autonomous Vehicle Sensor Layout [10]

Sensor technologies implemented include RADAR, LiDAR, ultrasonic, camera and GPS for lo-
cational data. Internal sensors connected through the vehicles CAN Bus are also used to monitor

internal operations [11]. The data collected through the sensors is processed via multiple embedded



2. BACKGROUND INFORMATION

systems, which use machine learning and algorithms to select the most appropriate manoeuvre or

response [11, 12].

2.3 Machine Learning

Artificial Intelligence (AI) is a vital technology in autonomous vehicles. Boden [13] defines Al as
“.. [a way to make] computers do the sort of things minds do”. This quote highlights why AT is
key for autonomous vehicles to operate effectively and make human-like decisions.

Machine learning algorithms are one of the fundamental technologies which allow autonomous
vehicles to operate. It is the primary method used to implement Al in autonomous vehicles,
providing a computer system with the ability to learn, adapt and predict based on past experience
[14, 15].

It is essential for an autonomous vehicle to render and scan its surroundings continuously, as
well as predict any changes. Machine learning allows an autonomous vehicle to learn its surround-
ings leading to the prediction and reaction to any changes. The main types include Supervised,

Unsupervised, Semi-supervised, Reinforcement and Deep Learning. These types are discussed in

the following sections.

2.3.1 Supervised Learning

Supervised learning is a system which maps pairs of set inputs and set outputs [16]. Training data
is supplied with labelled data. This is data which the answer is already known too and is made
up of a feature/predictor variable (input) and a target variable (output). Labelled data is usually
retrieved from either historical data, experiment data or through crowdsourcing.

The underlying aim of supervised learning is to create a model which can predict the target
variable from the predictor variable. This is achieved using previous inputs and known outputs to
predict unknown results [15, 16]. There are two main sub-branches of supervised learning, these

are Classification and Regression.

2.3.1.1 Classification

Classification is used to determine the category of a response variable based on the predictor vari-
able [17]. Implemented algorithms in autonomous vehicles include Naive Bayes Classifier and K
Nearest Neighbor (KNN). Classification algorithms are used in autonomous vehicles mainly for

pattern recognition, allowing the detection of road marking/boundaries, other vehicles and pedes-
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trians [18, 19].

2.3.1.2 Regression

Regression is used for predicting and forecasting [15]. It does this by finding relationships between
variables. Types of regression algorithm used in autonomous vehicles are Bayesian regression, neu-
ral network regression and decision forest regression. It is mainly used in autonomous vehicles for
prediction and feature selection, allowing decision matrix and other algorithms to perform appro-

priate manoeuvres [20].

2.3.2 Unsupervised Learning

Unsupervised learning is a model which interprets a data set consisting of just an input variable.
Unlike supervised learning, the data is regarded as unlabelled as the output/response variable is
unknown [21]. This means that there is no historical data set or training data supplied, allowing
algorithms to learn on their own accord.

The goal of unsupervised learning is to model the distribution of data into structured groups
based around distinct features. Algorithms use this grouping to achieve interesting structures
which can be used to draw out decisions [15, 22]. There are two main types of unsupervised learn-

ing algorithms used in autonomous vehicles, these are Clustering and Association.

2.3.2.1 Clustering

Clustering is an algorithm which classifies data into groups based on similarity or dissimilarity
[15]. Types of clustering algorithms used in autonomous vehicles include K-means and Multi-class
Neural Network. It is primarily used in autonomous vehicles for image processing in situations
where images are not the highest quality. Clustering takes the image and views the structure of

data points so it can ultimately be grouped [23].

2.3.2.2 Association
Association is an algorithm which finds relationships between variables [15]. It is primarily used in

autonomous vehicles for localisation of surroundings and prediction of events in those surroundings.
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2.3.3 Semi-Supervised Learning

Semi-supervised learning is a model which uses a combination of both supervised and unsupervised
learning. This type of machine learning is usually used in scenarios where a large data set is present
[24, 25]. In this type of scenario, it may be unfeasible and too costly to label the whole dataset,
therefore a portion of the data is labelled leaving the other portion unlabelled.

Supervised learning is performed on the labelled data to achieve the desired response. After
this unsupervised learning is performed on the unlabeled portion, using the predictions made pre-
viously to label the remaining data. As the full dataset is now labelled the model can be trained

on this full dataset [22].

2.3.4 Reinforcement Learning

Reinforcement learning is a machine learning model which reviews an input action through a reward
[26, 27]. The fundamental concept includes an agent (autonomous vehicle) and an environment.
The agent interacts with the environment by performing an action. This action is reviewed either
positively or negatively. The reward is returned as feedback to the agent, as well as the state
of the environment [28]. This is how the algorithm learns, as over time it will look to maximise
the reward and minimise penalties. This type of learning is commonly compared with teaching

behaviour to a child [29].
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Figure 2: Reinforcement Learning State Diagram [30, 31]

2.3.5 Deep Learning

The latest way to implement a machine learning algorithm is through a technique known as Deep
learning. Deep learning also referred to as End-to-end learning, is a technique which learns features

directly from data. Additionally, it is used to extract a more high level or complex feature from a
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simplistic input [32]. Tasks related to autonomous driving are usually solved via multiple machine
learning algorithms. However, the recent reemergence of deep learning looks at simplifying the
autonomous driving process [33].

There are many architectures which fall under Deep learning, these include deep neural net-
works, deep belief networks, recurrent neural networks and convolutional neural networks. These
networks are now being deployed and have been found in recent studies relating to autonomous ve-
hicles. Vargas [34] believes that deep learning provides the advantage of making systems adaptable
to new problems. This is due to the use of deep neural networks which are versatile in applications
such as image processing. Additionally, it is also regarded to outperform other machine learning
techniques in image processing, speech recognition etc [35, 36]. However, this is only the case in

situations where large data sets are present [37].

2.3.6 Challenges in Autonomous Vehicles

There are various challenges which are highlighted by many publications on the development of
machine learning in autonomous vehicles. One of the main challenges is that of accuracy and
reliability. Since autonomous vehicles must be 100% reliable the learning algorithms need a large
amount of training to be able to operate safely. Even current autonomous vehicle projects are still
being road trained [38].

This issue of safety relates to the ethical issues which surround autonomous vehicles. Goodhall
[39] believes that ethical decision making cannot be taught or programmed into algorithms. He
highlights that in situations where the death or injury of someone is unavoidable, what ultimate
decision will the vehicle make, will it protect the driver or others involved. Howard and Sparrow
[40] agree with Goodhall [39] and believe that autonomous vehicles should not be marketed until
problems such as these are 100% implemented within the technology.

Another problem which is highlighted in literature is that of completeness in the training data.
As autonomous vehicles require to learn from a huge data set, it is extremely difficult to know
if the training data is sufficient to train the algorithm in every scenario [41, 42]. The only way
this can be achieved is to increase training time. However, who makes the decision on when the

algorithm is complete. This ties into the ethical issues once again.

2.4 Mobile and Web Applications in Autonomous Vehicles

Whilst machine learning is implemented in autonomous vehicles for fundamental safety operations,

web applications are developed towards the other spectrum bringing benefits such as improving
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the consumer experience. There are many current and proposed technologies which allow web and
mobile applications to provide various functionality to users. The most common mobile application
is interfacing and connecting through the vehicles media system. This is achieved commonly
through Bluetooth and occasionally through Wifi. It allows users to stream music and other data
through the built-in media systems.

Tesla is the largest company who are heavily investing in autonomous vehicles and other re-
lated technologies [43]. Currently, the Tesla application allows users to unlock, lock and start a
compatible model from the application. This is done through NFC and Bluetooth which authorises
an unlock when the phone is within close proximity to the vehicle. This feature is being proposed
by other large manufacturers including Hyundai [44].

Additional features which Tesla have released is to park a vehicle from your phone and summon.
These features are more relevant to autonomous vehicles as they allow the vehicle to control itself
through a users command. Summon is one of the most recent features of Tesla’s application, it
allows control of the vehicle from a set distance away. The app uses Wifi or mobile networking
to connect to the system of the car, allowing the vehicle to perform operations such as follow and
move to a given location [43].

Although these features present advantages to the experience regarding both current semi-
autonomous vehicles and for future fully autonomous vehicles, there are authors who present
challenges and limitations. Dickman and Burns [45] who produce a user perception study on the
Summon feature believe, that some users show distrust with the features, as they do not understand
the technology behind autonomous vehicles. They believe that people need to be made more aware
of the technology.

Another major challenge is that of hacking. With the increase in technologies and connectiv-
ity which current and proposed applications have with a vehicle, it can make them targets for
hackers. Autonomous vehicles connecting over an application may have personal data which can
be retrieved by hackers [46]. Security is a huge problem in the field and is also a concern when

developing applications for an autonomous vehicle.

2.5 Hardware

The hardware for the proposed project will be based around a previous investigation. Conducted
as part of the Computer Systems and Electronics degree achieved at University of Wales Trinity
Saint David, titled An Investigation of Electronic Measuring Technologies to Augment Driving
Experience. The outcome from the project was a test system simulating the operation of an au-

tonomous vehicle, performing a parallel park between two obstacles. The current hardware set up
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will need to be modified as the current 8bit microcontroller will not have sufficient computational

power to stream video or have enough memory to hold the algorithm.

Figure 3: Current Hardware Setup

2.6 Related Studies

This section presents the related studies found in machine learning and mobile/web applications

in the realms of autonomous vehicles.

2.6.1 Machine Learning

There are many related studies which divulge into the realms of machine learning within au-
tonomous vehicles. Many of the studies combine the research with AT and neural networks. One
of the studies found is by Nauman [47] which is titled DrivingMatter: An Autonomous RC Car
using Raspberry Pi and was produced in 2018. Nauman [47] looks into the use of reinforcement
and supervised learning, applying a combination of both to a created algorithm. A Raspberry Pi
is used as the underlying hardware for the project. The study concludes that results achieved show

73% test and 89% train accuracy. They state that these results are successful, however, results are
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achieved through testing in stable environments. This means that real environmental factors such
as light are not accounted for when testing the effectiveness of the algorithm.

Another study found is by Thorat et al [48] titled Self Driving Car using Raspberry-Pi and
Machine Learning published in International Research Journal of Engineering and Technology in
2019. The study uses a Raspberry Pi combined with a supervised machine learning algorithm. The
study presents results which discuss the hardware implications and refer to the camera resolution
being the major limitation. Additionally, the study concludes that the speed of the vehicle does
not gradually slow down, instead, it just stops when sensing a collision. This can be implemented
by equipping the device with distance measuring sensors such as ultrasonic sensors, reducing the
motor speed when it reaches specified thresholds.

The next study which will be discussed is by Ungurean [33] which is titled DeepRCar: An
Autonomous Car Model and was produced as a Thesis at the Faculty of Information Technology
CTU Prague in 2018. The study uses Deep End-to-End learning through a Raspberry Pi. They
also developed a web application which implemented various endpoints to control the vehicle in
various ways. The study concludes that noise factors affect the quality of the dataset and shows
that the algorithm makes inaccurate choices in certain instances. The study does not control the
speed of the vehicle and is always fixed which is another improvement which can be made. The
largest criticism of the study is not testing the system in external and real-time lighting conditions.

From the related studies researched it is found that many do not test the effectiveness of the
algorithms in real-world conditions. Not taking into account the effect of weather and lighting
conditions on the reliability of the algorithm. Most studies found used the Rasberry Pi as the
main source of hardware, primarily due to the computational power to stream live video at higher
resolutions. Many systems do not combine distance control with the algorithms applied, which is

a reason for the lack of speed control. These areas could be improved upon in this project.

2.6.2 Web/Mobile Applications

The field of using mobile and web applications within autonomous vehicles is fairly small compared
with the field of machine learning. One of the studies found and is discussed in the machine learning
section is by Ungurean [33]. The study develops a web application to control the developed deep
learning system. The web application includes a live video stream, live data and control over the
vehicle. One of the major criticisms is that it does not use any credential login or security, meaning
any user who hits the endpoint can control the vehicle. To simulate Tesla’s proposed system to
control a vehicle a credential authorization is a must. Another criticism is that the data is only

live data. This means that the data is not persisted in any database system. Persisting the data

10
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would be useful as it could be used to measure and monitor the algorithm through testing.
Another study found is by George et al [49] which is titled Android controlled Smart Car which
was published in the International Journal of Computer Engineering In Research Trends 2015. The
study uses an android developed application which is connected to the vehicle through Bluetooth.
The results show that the developed system is successful and controls the vehicle in various ways.
However, the main criticism is the use of Bluetooth as this limits the range for the system to be
controlled. By using an internet based connection you could control the vehicle from anywhere.
From the two related studies found there are differences in the communication made between
application and vehicle. George et al [49] use Bluetooth and Ungurean [33] uses HTTP endpoints
over the internet. The most viable connection is over the internet as it will not limit the range
on controlling the vehicle. Ungurean [33] application can have many considered improvements
including data persistence and authorization/authentication which can be the main focus of this

project.

11



3. AIM AND OBJECTIVES

3 Aim and Objectives

This section presents the aim and objectives of the project.

3.1 Aim

The aim of the project is to investigate and test the effectiveness of machine learning algorithms

and web applications used within the field of autonomous vehicles.

3.2 Objectives

To achieve the stated aim the following objectives have been set:

1. To investigate the research literature around machine learning algorithms and web applica-

tions used in autonomous vehicles, summarized in a literature review.

2. To design and develop a test system and web application which will be used to test selected

algorithms.

3. To use collected research to compose a testing plan to test the effectiveness of the implemented

algorithms.

4. To test implemented algorithms based on the written test plan, collecting and recording

results.

5. To analyse findings collected from performed tests, comparing results with related studies

found from researched literature.

12



4. METHODOLOGY

4 Methodology

This section will discuss the proposed research and development methodology, as well as identifying

any risks.

4.1 Research Methodolgy

Presented within this section of the proposal is the proposed research methodology. The importance
of an appropriate methodology is considered vital for successful research. Hilary [50] believes that
it brings the fundamental basis to initialise any type of research. Determination of an appropriate

methodology was aided by using the research onion (figure 4).

Techniques and
procedures

Figure 4: Research Onion [51]

Developed by Saunders et al [51], the research onion is a visual approach to selecting an appro-
priate methodology. Selection of a methodology is achieved by moving from the outer layer of the
onion to the centre. All layers represent different areas which make up a research methodology.

Layers include the philosophy, approaches, strategies, choices, time-horizon and procedures.

4.1.1 Philosophy

A research philosophy is a set of beliefs and assumptions to aid in gaining and developing knowledge
[52]. There are many philosophies which can be considered to create a research methodology. The
five main philosophies are Phenomenology, Pragmatism, Positivism, Realism and Interpretivism.

Positivism is the philosophy which is identified as most suitable for this project.

13
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Positivism is described by Schutt [53] as ... there is an objective reality that exists apart from
the perceptions of those who observe it, and that the goal of science is to better understand... [this
objective]”. Fundamentally, this means that a researcher views that the world relies on statistics
and scientific study, to reveal the truth on the operation of a field. The philosophy is regarded as
most suited to the project as it is focused and concerned with being highly structured, working
with quantitative data sets and is experimentation orientated [54]. This fits into the proposed
project as there will be forms of experiments generated to test the effectiveness of implemented
algorithms, with retrieved data mainly being quantitative.

These reasons are the main factors why Positivism was selected over philosophies such as Phe-
nomenology, which relies too heavily on qualitative data and lacks structure [55]. It is believed that
this would limit the project as results achieved may suffer in accuracy and increase the chances of

errors occurring in the experimentation process.

4.1.2 Approach

There are two main types of research approaches which are considered. These are inductive and
deductive approaches. An inductive approach is where a new hypothesis is formulated from the
research conducted [56]. Alternatively, a deductive approach concentrates on the analysis of hy-
potheses using conclusions made from research [57].

A deductive approach is identified as the most suitable approach. The proposed project will
deduct various limitations and benefits of the researched technologies. These findings will be used
to generate test criteria which will effectively formulate the various hypotheses. This makes a

deductive approach the most natural choice.

4.1.3 Strategies

The three strategies which are identified as most appropriate for the project are document analysis,
software development and experiments. The reasoning for selecting these strategies are discussed

in the following sections.

4.1.3.1 Analysis
Document analysis will be performed using relevant journal articles, books, conference proceedings
as well as academic/approved web sites. The latter being used as a fallback. These sources will be

used to find current studies on machine learning and web applications in the field of autonomous

14



4. METHODOLOGY

vehicles. It will also be used to highlight the primary authors and researchers within the field. As
an experimental strategy is also selected, document analysis will be combined with this strategy

to allow collected experiment data to be compared and contrasted with related studies.

4.1.3.2 Development

Software development is a strategy which will be undertaken. The software will be developed
throughout the development stages of the project. The developed software will be used to test
variously implemented algorithms and their effectiveness. Data will be collected from the imple-

mented software by applying various testing criteria.

4.1.3.3 Experiment

Experimentation will be performed on the developed software. Tests and experiments will be writ-
ten and conducted to collect data on the effectiveness of implemented algorithms. By combining
this strategy with both software development and document analysis, it will allow algorithms to

be developed, tested, and analysed with regard to generated hypotheses.

4.1.4 Time Horizon

The selected time horizon highlights the underlying time plan that a project follows [51]. The
two main types which are considered to create a research methodology are longitudinal and cross-
sectional horizons. Longitude studies concentrate on repeating or continuously investigating a
situation over a long period. Studies are performed for years, even decades to highlight any
changes in dynamics or perceptions which may be impacted by time [58, 59].

Cross-sectional studies concentrate on investigating a situation and collecting data over a speci-
fied point or frame in time. Furthermore, such studies concentrate on collecting data for more than
one variable [60]. As this project is time dependent with a strict time constraint, a cross-sectional
study is believed to be most suitable. Rindfleisch et al [61] believe that cross-sectional studies are
best suited to studies which rely on a diverse array of measurement variables, which this project

is expected to include.

4.1.5 Data Collection and Evaluation

Data from the project will be collected from both primary and secondary sources. Primary sources

will be in the form of experimentation and testing. Data from the performed tests is expected to

15
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be quantitative data. This data will be analysed and compared with relevant secondary sources.

To measure the effectiveness of the implemented algorithm a system such as a confusion matrix
will be adopted. This will allow for a variety of tests to be performed, making up an error ratio. It
is difficult to outline detailed testing methodologies which may be used, as the type of algorithm
has not been identified. Although it is most likely a form of reinforcement learning, it is still
unidentified until further research has been performed. However generalised parameters can be
considered including accuracy, reliability and robustness.

Accuracy is a measure mainly in classification and regression algorithms. The accuracy of the
implemented model will be evaluated using the ratio of correct predictions. This will be achieved
by setting a fixed sample data set with an equal sized test data set. Measurements will be taken
for correct predictions and incorrect predictions. One of the methods of achieving this is known
as Cross validation which makes sure you split a data set into k partitions. You then hold one of
the data sets as a test set and use it after the model is trained on all other splits [62]. This can be
implemented in the form of an algorithm.

Reliability is a measure used in the majority of algorithms. The reliability of an algorithm can
be tested in many ways. One of these ways is to use a Kullback-Leibler divergence probability
distribution. This can be used to measure evaluate two sets of results from two identical data sets
checking for any differences [62].

Robustness is a related indicator of reliability and shows how well the algorithm can predict
unknown data. The robustness can be evaluated using an unknown data set which the algorithm
is not trained on. By supplying the algorithm this data it can check the error rate and how well it
deals with this unknown data.

Precision and recall are other parameters which can be used to measure the effectiveness.
Precision aims to find what proportion of positive identifications were actually true. It is evaluated
as a percentage and can be calculated by dividing the total positive predictions by the total size
of the data set. Recall is the measure of what actual positive identifications were correct. This is
evaluated by dividing the true positives by the total of true positives and false negatives [63].

The majority of the secondary sources will be collected during the initial research stages of the
project. Sources from journals, books and conference proceedings will be used to aid analysing

collected data. Secondary sources will be evaluated in the form of a literature review.

4.2 Development Methodology

There are many development methodologies which may be implemented for this project. There are

two main classifications of methodology these being traditional approaches and agile approaches.
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Traditional methodologies are incremental processes, where each stage of development is distinct.
The most common traditional methodology is the waterfall model. The waterfall model splits
the development process into five main distinct phases, these being requirements analysis, design,
implementation, testing and then maintenance.

The main problem with traditional methodologies is that they lack flexibility [64]. This is due
to the distinct phases where each phase must be completed fully before the next stage can begin.
Agile methodologies are now being used in many modern day software projects as it resolves these
flexibility issues which come with traditional methodologies.

This project will not really be relying on strict requirements and the requirements will change
over the course of the project. For this reasoning, an Agile development methodology is considered
most suitable. The Agile methodology which will be used will follow the Prototyping model in the

form of Rapid Application Development (figure 5).

Prototype

I User Design Construction Cutover

Refine Test

Figure 5: Rapid Application Development [65]

The development methodology will be performed in the form of sprints. Sprints will be per-
formed on a non-fixed schedule, as the project needs to be flexible, meaning each sprint will not be
limited to a specified amount of time. The first stage of each sprint will consist of planning where
an overview of what will be achieved in the sprint will be performed, this will include requirement
gathering. The next stage will look at the requirements produced in this planning stage and will
start prototyping the application based on this plan. Testing will be then performed on the pro-
totype. The main advantage this methodology brings to this project is it allows for continuous
testing and refinement, which will allow an algorithm to be produced to the best possible level

before experimentation is performed.

4.3 Risks and Ethical Considerations

One of the most notable risks identified in this project is time. As the project is under a strict time
limit there is the possibility that the project will be unfinished. This risk is minimised through

extensive project planning, which needs to be followed religiously.
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There is a risk to the university that releasing research that will negatively affect the universities
reputation. To eliminate this risk, the university ethical guidelines will be followed. Thus, ensuring
the universities reputation is not negatively affected. Furthermore, the report will contain no
confidential information.

Another risk is that of data loss. Data loss can have a major effect on the success of the project.
To minimise this risk the three place rule will be applied. This means that the data will be backed
up in three places, which will be on an external piece of hardware, the cloud and another piece of
hardware stored at a different location.

The final identified risk is that of equipment damage and theft. As this project will require a
PC and electronics equipment if they are damaged or stolen it can have disastrous effects on the
project. To minimise the risk, activities in the project plan have been over-allocated so there is
flexibility in the schedule.

As this project is not concerned with any personal data there is no real outstanding ethical
considerations. The major consideration is through material wastage as the existing hardware
will be modified. It is important not to waste any of the current materials as it can affect the
environment. Careful consideration will be performed when modifications are made e.g. resuing
wires and components.

The major limiting factors for the project are time and resources. As there is a short time
constraint it has limited the scope of the project. Resources are also a limitation as the project

is on a budget, meaning highly accurate cameras and sensors cannot be bought due to the expense.

4.4 Expected Outcomes

At the end of the project the following outcomes are expected to be achieved:

e A literature review encapsulating all background information and relevant studies concerning

machine learning algorithms and web applications in the field of autonomous vehicles.

e To design and develop a test system and web application which will be used to test selected

algorithms.
e A set of requirements which the test system will be designed around.

e A system which will be based around previously designed hardware (as discussed previously)
which will incorporate machine learning algorithms and a web application. The system is

expected to simulate the workings of a fully autonomous vehicle.

e An experiment and testing plan which will incorporate all test criteria which the system will
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be tested too. It is also expected for tests to be focused around the limitations/weaknesses

of implemented algorithms highlighted from research.

e An experiment and testing plan which will incorporate all test criteria which the system will
be tested too. It is also expected for tests to be focused around the limitations/weaknesses

of implemented algorithms highlighted from research.

e A report which presents the collection of results and formalised analysis of results. Focus is

to be made on any differences or similarities in results compared with relevant literature.
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5 Resources and Planning

This section overviews the resources which are required for the project and the project plan.

5.1 Resources

For a sufficient plan to be made all required resources should be considered and planned prior to
starting the project. Outlined below are the resources required to maximise the chance of project

success.

e Books and Journals: Books and journals will be used as the primary choice for secondary
research material. The universities library will be used as well as the universities subscriptions
to IEEE and ACM journal sources. This resource will be used primarily within the research

stage of the project, however, it will be used constantly throughout the project.

e Word Processor: Latex will be the first choice document editor for processing and creating
the final report. Microsoft Word will be used to create any informal documentation such as

initial test plans and to make notes throughout the project.

e IDE: An Integrated Development Environment (IDE) will be required for creating both the
machine learning algorithm and web application. The selection of IDE will be dependent
on the selected development language. This will be realised after the research stage of the
project. The most appropriate language currently considered is Python, however, this may

change and is subject to what is found from research.

e Raspberry Pi/Arduino: The existing microprocessor will need to be removed and replaced
with more computational power. This is due to the current 8-bit microcontroller not having
enough memory or processing power to compute the required data. A Raspberry Pi or
Arduino are identified as the most suited choices. The final selection will be made after the

research stage of the project.

e Camera: A camera will be required to be fitted to the existing hardware. The camera will
be used for vision learning, which the machine learning algorithm will use gathered data to

make decisions.

e Essential Electronics Equipment: Equipment such as oscilloscopes and regulated power sup-
plies will be required for system testing and fault finding. Access to the universities electronics

laboratories may be required and arranged.
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e UML Software: A software design suite is required to create system flowcharts and other
UML styled diagrams. This will be required for both machine learning and web application

design. Online software such as Lucid chart will be sufficient for creating the diagrams.

5.2 Plan

A detailed project plan can maximise the success of any project. Vargas [35] believes that a project
plan is fundamental to the success of any project and states “ [that a project plan is] the foundation
of the entire execution [of activities in a project]”. The plan created for this project is split into four
main areas, these being research, design, implementation and testing/experimentation. Activities

expected in these areas are described as follows:

e Research: In this stage, all secondary research will be performed. Areas researched will
include autonomous vehicles, machine learning, web applications used in autonomous vehicles

and other related studies.

e Design: This stage is where all system design will be performed. Initially, the requirements
will be conceptualised. From these requirements, both software and hardware design will

take place. Finally formalised diagrams will be produced of the software and hardware.

e Implementation: This stage will incorporate all the implementation of the proposed system.
This stage will follow the design and proposed development methodology, however, the de-
signed system may be constantly refactored through this stage. This process is allocated the

most time as a language such as Python will need to be learned.

e Testing and Experimentation: A testing and experimentation plan will be written. Tests
from the plan will be performed on the system, using the proposed parameters to measure
the effectiveness of the algorithm. Results will be recorded and analysed, comparing them

with related studies.

The Gantt for the project was designed using Lucidchart and is found on the following page (figure
6).
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6 Conclusion

This project is to investigate and test the effectiveness of machine learning algorithms and web
applications used within the field of autonomous vehicles. This will be achieved by performing
secondary research in the form of document analysis to find pertinent literature for the following
fields. Once the research is carried out a hypothesis will be drawn and the most suitable algorithm
will be selected. The design of a test system is then to be performed. Once all formal design is
complete, the existing hardware will be modified most likely replacing the 8-bit microcontroller
with a Raspberry Pi.

The development stage will be completed via RAD methodology which will focus on proto-
typing and testing stages performed in sprints. This will allow requirements for the algorithm
to be changed if problems arise from testing occur. After the web application and algorithm are
implemented the test system will be tested. As found from already researched literature the effect
of external factors will be measured to monitor the effect it has on the algorithm. Measurements
such as accuracy, reliability, robustness, precision and recall will all be tested to evaluate the
effectiveness. Results collected will be analysed through comparisons with researched literature.

Due to adequate planning and resource allocation, risks have been minimised as much as possible
and should not have an adverse effect on the project. Overall it is believed this project is an

interesting project in a rapidly advancing area.

23



REFERENCES

References

1]

E. D. Dickmanns and V. Graefe, “Applications of dynamic monocular machine vision,” Ma-

chine vision and Applications, vol. 1, no. 4, pp. 241-261, 1988.

K. Bimbraw, “Autonomous cars: Past, present and future - a review of the developments in the
last century, the present scenario and the expected future of autonomous vehicle technology,”
ICINCO 2015 - 12th International Conference on Informatics in Control, Automation and

Robotics, Proceedings, vol. 1, pp. 191-198, 01 2015.

A. Ziebinski, R. Cupek, D. Grzechca, and L. Chruszczyk, “Review of advanced driver assis-
tance systems (adas),” in AIP Conference Proceedings, vol. 1906, no. 1. AIP Publishing,
2017.

P. Warrendale. Sae international releases updated visual chart for its levels of driving au-
tomation standard for self-driving vehicles. [Online; accessed 2018-03-05]. [Online]. Available:
www.sae.org/news/press-room/2018/12 /sae-international-releases-updated-visual-chart-for-

its-%E2%80%9Clevels-of-driving-automation %0 E2%80%9D-standard-for-self-driving-vehicles

U. S. D. of Transportation. Automated driving  systems: A vi-
sion  for  safety. [Online; accessed  2018-03-01]. [Online].  Available:

www.nhtsa.gov /sites/nhtsa.dot.gov/files/documents/13069a-ads2.0_090617_v9a_tag.pdf

T. Litman, Autonomous Vehicle Implementation Predictions. Victoria Transport Policy In-

stitute Victoria, Canada, 2017.

M. Nikowitz, Fully Autonomous Vehicles: Visions of the Future Or Still Reality?  epubli

GmbH, 2015.

J. Stilgoe, “Machine learning, social learning and the governance of self-driving cars,” Social

studies of science, vol. 48, no. 1, pp. 25-56, 2018.

M. Daily, S. Medasani, R. Behringer, and M. Trivedi, “Self-driving cars,” Computer, vol. 50,
no. 12, pp. 18-23, 2017.

S. Carpenter, “Autonomous vehicle radar:improving radar performance with simulation,” AN-

SYS Advantage, vol. 12, no. 1, pp. 32-37, 2018.

M. Gerla, E.-K. Lee, G. Pau, and U. Lee, “Internet of vehicles: From intelligent grid to
autonomous cars and vehicular clouds,” in 2014 IEEE world forum on internet of things

(WF-IoT). 1EEE, 2014, pp. 241-246.

24



REFERENCES

[12]

[17]

[19]

[20]

[22]

[23]

K. Jo, J. Kim, D. Kim, C. Jang, and M. Sunwoo, “Development of autonomous carpart ii:
A case study on the implementation of an autonomous driving system based on distributed
architecture,” IEEFE Transactions on Industrial Electronics, vol. 62, no. 8, pp. 5119-5132,
2015.

M. Boden, AI: Its Nature and Future. Oxford University Press, 2016.

E. Brynjolfsson and T. Mitchell, “What can machine learning do? workforce implications,”

Science, vol. 358, no. 6370, pp. 15301534, 2017.

E. Alpaydin, Introduction to Machine Learning, ser. Adaptive Computation and Machine
Learning series. MIT Press, 2009.

J. E. T. Akinsola, “Supervised machine learning algorithms: Classification and comparison,”
International Journal of Computer Trends and Technology (IJCTT), vol. 48, pp. 128 — 138,
06 2017.

S. Suthaharan, Machine Learning Models and Algorithms for Big Data Classification: Think-
ing with Examples for Effective Learning, ser. Integrated Series in Information Systems.

Springer US, 2015.

A. Giusti, J. Guzzi, D. C. Ciresan, F.-L. He, J. P. Rodriguez, F. Fontana, M. Faessler,
C. Forster, J. Schmidhuber, G. Di Caro et al., “A machine learning approach to visual percep-
tion of forest trails for mobile robots,” IEEE Robotics and Automation Letters, vol. 1, no. 2,

pp. 661-667, 2015.

P. Navarro, C. Fernandez, R. Borraz, and D. Alonso, “A machine learning approach to pedes-
trian detection for autonomous vehicles using high-definition 3d range data,” Sensors, vol. 17,

no. 1, p. 18, 2017.

U. Dogan, J. Edelbrunner, and I. Tossifidis, “Autonomous driving: A comparison of machine
learning techniques by means of the prediction of lane change behavior,” in 2011 IEEE Inter-

national Conference on Robotics and Biomimetics. TEEE, 2011, pp. 1837-1843.

W. Wachenfeld and H. Winner, “Do autonomous vehicles learn?” in Autonomous Driving.

Springer, 2016, pp. 451-471.

P. Flach, Machine Learning: The Art and Science of Algorithms that Make Sense of Data.

Cambridge University Press, 2012.

W. Maddern, A. Stewart, C. McManus, B. Upcroft, W. Churchill, and P. Newman, “Illumi-

nation invariant imaging: Applications in robust vision-based localisation, mapping and clas-

25



REFERENCES

[25]

[26]

[27]

[28]

[29]

[34]

[35]

[36]

sification for autonomous vehicles,” in Proceedings of the Visual Place Recognition in Chang-
ing Environments Workshop, IEEE International Conference on Robotics and Automation

(ICRA), Hong Kong, China, vol. 2, 2014, p. 3.

X. Zhu, “Semi-supervised learning,” FEncyclopedia of Machine Learning and Data Mining, pp.
1142-1147, 2017.

X. J. Zhu, “Semi-supervised learning literature survey,” University of Wisconsin-Madison

Department of Computer Sciences, Tech. Rep., 2005.

S. Shalev-Shwartz, S. Shammah, and A. Shashua, “Safe, multi-agent, reinforcement learning

for autonomous driving,” arXiv preprint arXiv:1610.03295, 2016.

A. E. Sallab, M. Abdou, E. Perot, and S. Yogamani, “Deep reinforcement learning framework

for autonomous driving,” FElectronic Imaging, vol. 2017, no. 19, pp. 70-76, 2017.

M. Lapan, Deep Reinforcement Learning Hands-On: Apply modern RL methods, with deep Q-
networks, value iteration, policy gradients, TRPO, AlphaGo Zero and more. Packt Publishing,
2018. [Online]. Available: https://books.google.co.uk/books?id=xKdhDwAAQBAJ

S. Marsland, Machine Learning: An  Algorithmic  Perspective,  Second Edi-
tion,  ser. Chapman &  Hall CRC  Press, 2014. [Online].  Available:
https://books.google.co.uk/books?id=6GvSBQAAQBAJ

D. A. Dugaev, I. Matveev, E. Siemens, and V. Shuvalov, “Adaptive reinforcement learning-

based routing protocol for wireless multihop networks,” 10 2018, pp. 209-218.
R. S. Sutton and A. G. Barto, “Reinforcement learning: An introduction,” 2011.
I. Goodfellow, Y. Bengio, and A. Courville, Deep learning. MIT press, 2016.

U. David, “Deeprcar: An autonomous car model,” Faculty of Information Technology CTU

in Prague, Tech. Rep., 2018.

R. Vargas, A. Mosavi, and R. Ruiz, “Deep learning: A review,” Advances in Intelligent

Systems and Computing, vol. 5, 2017.

R. Vargas, Practical Guide to Project Planning, ser. ESI International Project Management

Series. CRC Press, 2007.

”

R. K. Srivastava, K. Greff, and J. Schmidhuber, “Training very deep networks,” in Advances

in neural information processing systems, 2015, pp. 2377-2385.

26



REFERENCES

[37]

[38]

[39]

[40]

[45]

[46]

[47]

M. Ganji, L. Rashidi, B. Fung, and C. Wang, Trends and Applications in Knowledge Discovery
and Data Mining: PAKDD 2018 Workshops, BDASC, BDM, ML/4Cyber, PAISI, DaMEMO,
Melbourne, VIC, Australia, June 3, 2018, Revised Selected Papers, ser. Lecture Notes in

Computer Science. Springer International Publishing, 2018.

B. Dickson. The predictions were wrong: Self-driving cars have a long way to go. [Online;
accessed 2019-04-01]. [Online]. Available:  www.pcmag.com/commentary/366394/the-

predictions-were-wrong-self-driving-cars-have-a-long-wa

N. J. Goodall, “Can you program ethics into a self-driving car?” IEEE Spectrum, vol. 53,
no. 6, pp. 28-58, 2016.

R. Sparrow and M. Howard, “When human beings are like drunk robots: Driverless vehicles,
ethics, and the future of transport,” Transportation Research Part C: Emerging Technologies,

vol. 80, pp. 206-215, 2017.

P. Koopman and M. Wagner, “Challenges in autonomous vehicle testing and validation,” SAFE

International Journal of Transportation Safety, vol. 4, no. 1, pp. 15-24, 2016.

N. Kalra and S. M. Paddock, “Driving to safety: How many miles of driving would it take
to demonstrate autonomous vehicle reliability?” Transportation Research Part A: Policy and

Practice, vol. 94, pp. 182-193, 2016.

M. Dikmen and C. M. Burns, “Autonomous driving in the real world: Experiences with tesla
autopilot and summon,” in Proceedings of the 8th international conference on automotive user

interfaces and interactive vehicular applications. ACM, 2016, pp. 225-228.

P.  Shah. Hyundai ’digital key’ Now  use  smartphone to  start
and  lock/  unlock  carl [Online; accessed  2019-04-03].  [Online].
Available: www.msn.com/en-in/autos/practicalmotoring /hyundai-digital-key-now-use-

smartphone-to-start-and-lock-unlock-car /ar-BBUnUCv

M. Dikmen and C. Burns, “Trust in autonomous vehicles: The case of tesla autopilot and
summon,” in 2017 IEEE International Conference on Systems, Man, and Cybernetics (SMC).

IEEE, 2017, pp. 1093-1098.

J. Liu, C. Yan, and W. Xu, “Can you trust autonomous vehicles: Contactless attacks against

sensors of self-driving vehicles,” DEFCON24 (Aug. 2016), 2016.

M. Nauman, “Drivingmatter: An autonomous rc¢ car using raspberry pi,” 2018.

27



REFERENCES

[48]

[62]

Z. Prof. Thorat, S. Mahadik, S. Mane, S. Mohite, and U. Aniket, “Self driving car using
raspberry-pi and machine learning,” International Research Journal of Engineering and Tech-

nology (IRJET), vol. 06, no. 03, pp. 969-972, 2019.

J. George, A. Sreyaj, D. Joseph, and P. Sajeer, “Android controlled smart car,” International

Journal of Computer Engineering In Research Trends, vol. 02, no. 12, pp. 1087-1090, 01 2015.

H. Collins, Creative Research: The Theory and Practice of Research for the Creative Industries,

ser. Required Reading Range. Bloomsbury Publishing, 2017.

M. Saunders, P. Lewis, and A. Thornhill, Research Methods for Business Students. Financial

Times/Prentice Hall, 2007.

——, “Understanding research philosophies and approaches,” Research Methods for Business

Students, vol. 4, pp. 106-135, 01 2009.

R. Schutt, Investigating the Social World with SPSS Student Version 14.0: The Process and
Practice of Research. SAGE Publications, 2006.

J. Michell, “Pragmatism, positivism and the quantitative imperative,” Theory € Psychology,
vol. 13, no. 1, pp. 45-52, 2003.

D. Sinha, Studies in Phenomenology, ser. Phaenomenologica. Springer Netherlands, 2012.

C. Williams, “Research methods,” Journal of business & economic research, vol. 5, no. 3, pp.

65-72, 2007.

R. Babbie, The Practice of Social Research. Cengage Learning, 2012. [Online]. Available:
https://books.google.co.uk/books?id=k-aza3qSULoC

W. Goddard and S. Melville, Research Methodology: An Introduction. Juta, 2004.

E. Ruspini, An Introduction to Longitudinal Research, ser. Social Research Today. Taylor &
Francis, 2003.

A. Bryman and E. Bell, Business Research Methods. Oxford University Press, 2015.

A. Rindfleisch, A. J. Malter, S. Ganesan, and C. Moorman, “Cross-sectional versus longi-
tudinal survey research: Concepts, findings, and guidelines,” Journal of marketing research,

vol. 45, no. 3, pp. 261-279, 2008.

D. Vora and K. Iyer, “Evaluating the effectiveness of machine learning algorithms in predictive

modelling,” International Journal of Engineering & Technology, vol. 7, p. 197, 06 2018.

28



REFERENCES

[63] J. Davis and M. Goadrich, “The relationship between precision-recall and roc curves,” in

Proceedings of the 23rd international conference on Machine learning, 2006, pp. 233-240.

[64] S. Balaji and M. S. Murugaiyan, “Waterfall vs. v-model vs. agile: A comparative study on
sdle,” International Journal of Information Technology and Business Management, vol. 2,

no. 1, pp. 26-30, 2012.

[65] Kissflow.com. Rapid application development: Changing how developers work. [Online;

accessed 2019-04-27]. [Online]. Available: kissflow.com/rad/rapid-application-development/

29



BIBLIOGRAPHY

Bibliography
[1] A. C. Miiller, S. Guido et al., Introduction to machine learning with Python: a guide for data
scientists. 7 O'Reilly Media, Ine.”, 2016.

[2] M. Bowles, Machine learning in Python: essential techniques for predictive analysis. John

Wiley & Sons, 2015.
[3] W. Donat and C. Krause, Learn Raspberry Pi Programming with Python. Springer, 2014.

[4] A. Bradbury, B. Everard, and R. Winder, Learning Python with Raspberry Pi. John Wiley &
Sons, 2014.

[6] M. Kuderer, S. Gulati, and W. Burgard, “Learning driving styles for autonomous vehicles from
demonstration,” in 2015 IEEE International Conference on Robotics and Automation (ICRA).

IEEE, 2015, pp. 2641-2646.

[6] J. Janai, F. Giiney, A. Behl, and A. Geiger, “Computer vision for autonomous vehicles: Prob-

lems, datasets and state-of-the-art,” arXiv preprint arXiv:1704.05519, 2017.

[7] D. J. Fagnant and K. Kockelman, “Preparing a nation for autonomous vehicles: opportunities,

vol. 77, pp. 167181, 2015.

[8] S. Tjiharjadi and E. Setiawan, “Design and implementation of a path finding robot using flood
fill algorithm,” International Journal of Mechanical Engineering and Robotics Research, vol. 5,

no. 3, pp. 180-185, 2016.

[9] A. Koubaa, H. Beumnaceur, I. Chaari, S. Trigui, A. Ammar, M.-F. Sriti, M. Alajlan,
0. Cheikhrouhou, and Y. Javed, Robot Path Planning and Cooperation.  Springer, 2018,

vol. 772.

30



APPENDIX

Appendix

Research Mind Map

Unsupervised

Supervised
Reinforcement

. I Deep Leamning and

' Reinforcement Used |

| External Factors |

Machine Leamlng

Data Size
Deep Leaming

/ ‘

Challenges

.
"~

No speed control |

Related Studies

Do not test

Ethics

/

Autonomous Vehciles

/_,—-"’ - "
/ AT T | Web Applications | (Most use Raspberry|, | enviropment
Automation Levels ™~ \ L / \ Pi ] " conditions
f y \ / Y
| i —
/"--7_ _7--"\. . //’ \\\
- .
{ Y Il' Hardware and \ o
{ Tesla Model ,I Software /" _“\\
b /._________.
— f Ardunio }
T T AN /
Ve ~_
{ Raspberry Pi l l Phython ).
A ,/ \\ v
~— - —_—

31



