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ABSTRACT
Renewable energy has attracted much attention in recent years. It
can bring us significant benefits, such as its good economic effi-
ciency and non-pollution. Traditional energy can pollute the en-
vironment and be used up easily, so the importance of renewable
energy is obvious. The research on wave energy has become in-
creasingly popular [2]. In these two semesters, our group has done
some contributions to this area on both research side and software
side. In the first semester, we mainly focus on the research side. We
have built several machine learning models to predict the captured
wave energy. In the second semester, we mainly focus on the soft-
ware side, we build several applications which integrate with our
machine learning models that built in last semester. This report will
describe my personal contributions in our project this semester.

In this semester, I have done an Android app, the front-end of
two web applications and tried a new machine learning model
using tensorflow [1]. Last semester we mainly focus on building
different machine learning models that can predict the absorbed
wave energy and in this semester, all our applications can use our
machine learning models to do predictions. Our models are not only
for researchers or programmers now, anyone can try our models by
using our Android app or web applications. The Android app is a
simple game that allows users to explore how to maximise absorbed
wave energy. The background and details of this application will be
described later in this report. The web applications allow users to
experience how a model is created step by. It is a good opportunity
for non-professionals to experience the entire process of building a
machine learning model and use it.
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1 INTRODUCTION
Our task in this semester is to build applications that allow users
to use our machine learning models, which we built in last semes-
ter. To describe the functions of our applications, especially the
Android app, I need to briefly introduce the background of our ma-
chine learning models. Let us assume that we want to set up a wave
energy farm. Such energy farm will involve many devices which
is called wave energy converters. We simplify a wave energy con-
verter as a buoy, which can capture the energy from the movement
of waves. The main purpose of this project is to capture energy
by several buoys. To maximise the captured energy, we have more
than one buoy in a limited area. Our models are responsible for
calculating the overall captured energy of these buoys. The input

data of our model is the coordinates of these buoys and the output
data is just the overall energy absorption. The training data can be
got in CSV files. These machine learning models have been built
in last semester. They are generated by many different software
packages with different programming languages, such as Scikit-
learn in Python, Multi-poly Regression in Matlab and Multi-layer
perceptron in Weka. However, it is difficult for people who do not
have any coding knowledge to run these models or train these mod-
els. Therefore, we built several applications that run these machine
learning models in the back-end and provide a user interface for
users.

Building software applications become the major task for our
project in this semester. We built an Android application and two
web applications. The Android application is very easy to use. Users
can change the coordinates of four buoys and get the captured en-
ergy instantly. The web applications allow users to train their own
models using their own dataset. The details of these applications
will be described later in this report. We met many problems when
building these applications and we continued to search good meth-
ods to solve these problems. The solutions that are related to my
personal work will be provided in this report. In addition, I also
build a multi-layer perceptron (MLP) model in this semester. This
model is built using tensorflow, which is a popular open-source li-
brary for machine learning. I thought MLPmodels are more suitable
for our project, so I tried to build a new MLP model this semester.
Unfortunately, the result is not better than our previous models,
even though I have tried many different parameters. This report
will focus on the software side.

Contribution This report will describe my personal contribu-
tions in building our software applications. I have built a hybrid
Android app, the front-end of two web applications and an MLP
model. The machine learning model is not the main objective in
this semester, so I will not introduce my efforts on it, but provide
more details of our software applications.

Outline This report is organised as follows: In section 2, I will
describe how I built the Android application. Section 3 will describe
the front-end of our web application. Besides, I will introduce An-
gular, which is a front-end framework that I used in our project. To
explain why I choose this framework, a comparison between Angu-
lar and other frameworks are also provided. In addition, this section
will also introduce how front-end and back-end connect each other.
Section 5 will provide my personal reflection on this final-year
project. Finally, I will make a conclusion in the last section.
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2 ANDROID APP
I built an interesting Android application in this semester. We show
this Android application on the university’s open day and Ingenu-
ity show. I provide the idea that we can build a simple game on
Android device, because I think it can attract many high school’s
students’ attention. In addition, it provides a good opportunity for
students and visitors, who do not have any professional knowledge,
to experience our machine learning models. We can introduce how
we build our models when they use our applications. I also created
a web page that can show a rank list. Such web page can show the
scores that users got in the game.

2.1 Functions
This Android app allows users to move four icons on the screen
by sliding their fingers. Users can input their usernames and then
change the position of four buoys. The coordinates will be sent to
our cloud server and the server will calculate the overall captured
energy of these four buoys using our machine learning models.
After that, the result will be sent back to the Android app and be
shown on the tablets’ screen instantly. A history-data list is also
provided for users. To make the app more attractive, I also created
wave animations. Users can know the direction of waves through
this wave animations and then modify the positions of buoys to let
these four buoys capture more energy. We can see from the figure
1 that the wave comes from left, so if we put these four buoys in
vertical direction, the captured energy would be larger.

Figure 1: Screenshot of the Android app

In addition, I also built a simple web page to show a rank list.
Many users will use our Android app on the open day and they
will get different results. Therefore, a rank list is needed to show
these results. This simple web page shows the top 6 results and the
worst result. It was shown on a big screen during the university’s
open day. The four buoys on this simple web page will be moved
to the corresponding positions as users moved in the Android app.
Such movement can let users know what good layouts look like.
The screenshot of this web page is shown in figure 2.

Figure 2: Screenshot of the Simple Web Page

The entire process of the Android application and the simple
web page can be seen in figure 3. We use Ajax [9] to exchange data
between front-end and back-end.

Figure 3: Processs of the Android application

2.2 HTML5
This mobile app is a hybrid app. It uses a new technique known as
HTML5 [13].We run it onAndroid device, but actually it can be used
on both Android system and iOS system. The architecture is shown
as figure 4. Most basic functions can be realised by HTML5, such
as local storage and data exchange. Some other native functions,
such as Bluetooth, must be written in Java and objective C, but
these native functions can be encapsulated as interfaces and be
invoked by JavaScript. Native functions of Android system and
iOS can be united and used in the same way. There are many
advantages of hybrid app. Firstly, it can use both native functions
and HTML5 functions. Compared with traditional app, the hybrid
app can use HTML5 functions which are simpler to build. Many
public third-party JavaScript libraries can be used in the hybrid app.
Secondly, the hybrid can use HTML + CSS to build a more flexible
app UI. Lastly but the most importantly, the hybrid app can be run
on both Android system and iOS system. Developers can use the
same way to invoke functions in different systems. There are also
many disadvantages of the hybrid app. Developers need to spend
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much time on encapsulating native functions. If there are too many
native functions that need to be used, it would be a big trouble.
Fortunately, we do not need any native functions in our project.
All functions that we need can be built in JavaScript, including the
wave animation. I built this animation using a third-party JavaScript
library, Velocity.js [3].

Figure 4: Architecture of mobile app

3 FRONT-END
3.1 Angular
I used Angular[10] to build our web application. Angular is a popu-
lar front-end framework which is supported by Google company.
HTML is good for declaring static documents, but it cannot meet
our requirements that the web view needs to refresh the data fre-
quently. As a result, I select Angular to build our front-end, because
it can dynamically rewrite our web view. There are many benefits
that Angular can bring to our project. The Angular application is
actually a "single-page" application. The "single-page" application
does not mean that our website only has one web page. It means
the website can dynamically rewrite the current page, rather than
loading entire new pages from a server. Our applications can load
all major resources from the server at the first time when users
visit our web applications, such as some descriptions and necessary
icons. It can largely relieve server’s burden, because the front-end
will not load same resources repeatedly. I made two sequence di-
agrams to show the differences between Angular and traditional
method. Figure 4 shows the process of traditional methods, we can
see that if users wish to visit a.html and b.html, the browser need
to send two requests to the server.

Figure 5: Process of traditional method

However, if we use Angular to build our web applications, the
process will be different. The front-end sends only one request to
our server, thus relieving our server’s burden. The b.html can be
shown by dynamically rewriting the current page. Figure 5 shows
the process of Angular.

Figure 6: Process of Angular

I also did a simple experiment to demonstrate the performance
of Angular. I create two simple pages: a.html and b.html. Firstly, I
used a traditional method to build these two pages and used the
developer tool of Chrome to record their loading speed. The result
is shown in figure 6 and figure 7.

Figure 7: Process of Angular
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Figure 8: Process of Angular

The total consumed time is 7ms + 7ms = 14 ms. I run this simple
code 20 times and the average time consumption is around 14.5ms.
Then I tried to use Angular to build these two pages. The web view
is the same, but the loading speed is different. The result is shown
in figure 8.

Figure 9: Process of Angular

On the one hand, we can see that the total loading time is only
5ms. I run it 20 times as well and the average loading time is around
5.2ms. The web application has loaded a.html and b.html at the
same time, so the total time-consumption is only 5ms. As described
above, the Angular has loaded all major resources at the first time
when users visit the web applications. Therefore, we can know that
the loading speed of Angular is significantly faster than traditional
methods (7ms + 7ms < 5ms). On the other hand, the loading size
of Angular seems to be larger than traditional method (344B +
347B < 1.6KB). However, if users visit these two pages more than
one time, the result will be different. For example, if users click
on the hyperlink of these two pages N times, the loading size of
traditional methods will be (344B + 347B)* N, while the loading size
of Angular will still be 1.6KB. In this experiment, the Angular script
can dynamically rewrite the page rather than sending a request to
the server, thus relieving our server’s burden and improving the
performance of our web applications.

3.2 Compare with other frameworks
Nowadays, many great JavaScript frameworks have been produced
by world-class companies, such as [6] and [11]. For example, Angu-
lar.js is developed by Google and React.js is maintained by Facebook.
When I begin to build a web app, the first question that I need to con-
sider is the selection of the framework. This decision will influence
my continued work, so I made a comparison among these popu-
lar frameworks and did some research on them. Before I analysed
the technical detail of each framework. I need to know how many
developers are using each framework. More developers mean that
we can find solutions more easily from technology communities,
such as stackoverflow.com. We will face many problems during the
entire developing process. To check the number of developers of
each framework, I searched some useful information from GitHub
and StackOverflow. The data is shown in table 1.

Table 1: Figure for different front-end frameworks

Angular Ember React
GitHub Stars 44.3K 14.9K 29.7K
GitHub Contributors 1341 539 581
StackOverflow Followers 127K 16.9K 6.1K
Size 563KB 428KB 131KB

In addition, I looked at the Google Trend and the result is shown
as figure 10.

Figure 10: Google Trend

From the table and the screenshot above, we can find that Angu-
larJS is more popular than React.js and Ember.js [15]. during all time.
React.js is not as popular as Angular.js. However, we can see from
the Google Trend that React.js experienced an increase over the
past two years. On the contrary, Ember.js is far smaller than both
AngularJS and React and. Besides, it does not have any increase in
the past two years, so I will not consider Ember.js anymore.

Both AngularJS and React are JavaScript libraries for building
user interfaces. I compare these two frameworks from two aspects:
flexibility and maintainability. The conclusion of this comparison
may be not accuracy, because it involves my personal feelings and
personal developing experience.

Flexibility Both these two JavaScript libraries have great flexi-
bility in use. As a flexible programming language, JavaScript can
be used anywhere including browsers, cloud servers, smart phones
and even hardware. In our project we mainly use JavaScript in our
web app. To include JavaScript libraries in our web apps, we only
need one-line code, which looks like this:

1 < s c r i p t s r c = " h t t p s : / / cd / xxx / angu l a r . min . j s " ></ s c r i p t >

After adding this one-line code, we can use these libraries in our
web app directly. Therefore, both these two languages are easy to
install. Programmers do not need to consider any dependency and
do not need any special integrated development environment. In
addition, they both can integrate with other good existing libraries
and frameworks easily. From this point of view, both these two
frameworks are friendly to developers. However, when it comes to
components control, the differences between these two frameworks
are obvious. Angular adopts model-view-controller (MVC) [11],
which applications into three interconnected parts: Model, View
and Controller. MVC separates the controller from the web view.
This is a flexible design, because it allows programmers to develop
their applications parallelly. In addition, by adopting MVC, the
JavaScript code can be reused more easily, thus promoting the
efficiency of development. I attach a simple code snippet to describe
it more clearly.
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1 <body ng− c o n t r o l l e r = " myCont ro l l e r " >
2 <div >He l l o { { something } } < / div >
3 </ body>

HTML

1 app . c o n t r o l l e r ( ' myCont ro l l e r ' , f u n c t i o n ( $scope ) {
2 $scope . something = "World ! " ;
3 } ) ;

Script

This is a simple demo to show how Angular works. All these
codes are run in the browser. The HTML code is used to render the
web view, while the script code is responsible for controlling. This
is a flexible design for me, because when I build web view, such
as modifying the CSS code, I do not need to consider JavaScript
functions. When I build functions, I do not need to worry about
web view. On the contrary, the React.js is not as flexible as Angular,
because it adopts "virtual DOM" [5], which integrate the view code
(HTML) with controlling code (JavaScript). To understand "virtual
DOM", DOM means Document Object Model, which can be simply
seen as HTML code for web developers. Sometimes it can be called
HTML DOM as well. "Virtual DOM" means that HTML code is
generated by JavaScript dynamically. A simple demo is shown
below:

1 <d iv i d = " example " ></ div >
2 < s c r i p t >
3 ReactDOM . rende r (
4 <h1>Hel lo , world ! < / h1 > ,
5 document . ge tE l ementBy Id ( ' example ' )
6 ) ;
7 </ s c r i p t >

Script

We can find that the HTML code and JavaScript are closely
interwoven. It is not flexible for developers, because when we need
to modify the web view or controller, we have to change HTML
code and JavaScript at the same time. It will increase the burden on
developers. After comparing these two simple demos, I personally
think that Angular is more flexible than React.

MaintainabilityMaintainability is another crucial factor that
we need to consider when we evaluate different frameworks. This
section will describe the maintainability of Angular and React from
my point of view. Angular use modules to control apps. We can
simply consider a modular as a container for the different parts of
our web app. Each module is independent of other modules, so it is
convenient for developers to maintain the whole app. Angular can
naturally help us divide the large application into different modules
and each module can be further divided into different controllers.
The architecture is plotted in figure 11.

Figure 11: Architecture of Angular in our project

This structure makes Angular applications become easier to be
maintained. When developers modify one of these modules, they
do not need to worry that the module they are building will in-
fluence other modules. Functions in each module can be realized
independently and will not influence other functions in other mod-
ules. In addition, when programmers conduct unit tests, they only
need to load related modules, thus making the testing work more
conveniently. Therefore, I believe that the app which is based on
Angular can be maintained efficiently.

React use JavaScript XML (JSX) to render web view. JSX is an
XML-like syntax that can be used to generate HTML code. It can be
known as HTML in JavaScript. When using JSX, developers do not
edit HTML code directly. By contrast, they need to edit JSX using
JavaScript and then browsers will transfer JSX to HTML code. From
this point of view, JSX is a kind of "raw code". It is unreadable for
web view builders, because JSX cannot generate web view directly,
so it is not convenient for developers to maintain their applications.
In chrome, which is a famous browser produced byGoogle company,
developers can modify the HTML code under development mode
and the web view will be changed instantly. However, if we use
JavaScript code to produce HTML code, just like JSX in React, the
web view cannot be changed in real-time. If we hope so, we need to
use other third-party tools, such as gulp. As a result, the web view is
a little difficult to maintain in React. In addition, the mix of HTML
code and JavaScript code will make maintenance work become
more difficult, because developers always modify the HTML code
and JavaScript code at the same time. React does not have a good
controller to help developers maintain functions.

After comparing these two libraries. I think the maintainabil-
ity of Angular is better than React. Angular developers can test
and fix each module handily. The web view and controller are also
separated in Angular applications, which is also convenient for
continued maintaining. On the contrary, the JSX in React, which
is a kind of "raw HTML", makes the front-end become more frag-
mented and unreadable. Both the two simple demos, which has
been provided above, print "hello world" in a web page, but in differ-
ent ways. Obviously the Angular is more readable. After comparing
several different frameworks, I think the maintainability of Angular
is better, so eventually I decided to build our web applications using
Angular.

3.3 Ajax
This section will introduce how the front-end and back-end com-
municate with each other and why I choose this communicating
method. The connection between clients’ browsers and our cloud
servers is a critical issue. In our Android application, when users
drag buoys, the front-end will frequently will send coordinates
to cloud server and get results back. In our project, we have two
applications that are needed to consider such connection. The first
one is our main website and the second is our mobile app. There are
manyways to build connections between clients’ browser and cloud
server, such as Ajax, web socket and Message Queuing Telemetry
Transport(MQTT) [7]. This section mainly describes Ajax and ex-
plains why I use it.

Ajax Ajax means "Asynchronous JavaScript and XML". It allows
browsers to exchange data with our server flexibly. In our project,
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we use Ajax as our main communicating method, because it can
bring our project several benefits. The first benefit is that Ajax
can update website contents without refreshing the page [14], thus
improving user experience and speeding up the loading process.
In our project, clients’ browsers need to get messages from sever
frequently. The second benefit is that Ajax can help us separate
front-end and cloud server completely. My group members have
built several Application Programming Interfaces (API) and we use
API to transfer messages between our front-end and server. Figure
12 shows how Ajax and API work in our project.

Figure 12: Ajax work

The front-end post an HTTP Request to web server, and then the
sever will do some calculations and exchange data with database.
After that, the server will send the result, which can be known as
"response", back to the front-end. After the front-end receive data,
it will invoke callback() function Such function allows front-end to
save the data as variables in JavaScript and do further work, such
as rewriting current page and doing some calculations.

3.4 MVC in our project
In this semester, I have built the front-end for three new modules
using Angular. They are:

- Dataset
- Model
- Prediction

The back-end side is built by my group member, so I just introduce
front-end side in this report. The front-end code contains three
parts: view, controller and model (MVC) [8]. These three parts are
known as MVC framework. The view side is responsible for trans-
ferring HTML code to web view. The controller side is responsible
for dynamically rewriting current page and exchange data with
the back-end. The model side is used as a router. Such router is
responsible for switching between different pages when users click
on different buttons or icons. The architecture of the front-end is
briefly shown as Figure 13. We have three modules and each module
has an MVC sub-framework. These three sub-frameworks can be
switched by a router, which is realised in pages.module.js.

Figure 13: Structure of Angular in our project

Several new templates have been built for our web view in this
semester. All these templates are beautified by Bootstrap.min.css,
which is a free and open-source Cascading Style Sheets(CSS). The
web view is not so important in our project, so I just select Bootstrap
to build the web view of our web application, though there are also
many other popular CSS frameworks. Bootstrap [4] is an open-
source CSS library that can help us beautify our web view. It can
be included by one-line code:

1 < l i n k r e l = " s t y l e s h e e t " h r e f = " h t t p s : / / maxcdn . b oo t s t r a p c dn . com /
b o o t s t r a p / 3 . 3 . 7 / c s s / b o o t s t r a p . min . c s s " / >

HTML

I have built three templates for our web applications using Boot-
strap. The first template is responsible for showing tables in our
web applications, which is used in listDataset.html, listModel.html
and listPrediction.html. The screenshot of this template can be seen
in figure 14.

Figure 14: Structure of Angular in our project

There are four buttons in each row: calculate, delete, download
and share. When users click on one of these four buttons, the
front-end will invoke the corresponding API using Ajax and then
dynamically rewrite current page. Take figure 14 as an example, if
users click on the "Delete" button in the second row, the front-end
will post a request, which includes the dataset-id of the dataset
in the second row, to our server to notify the back-end that the
user wishes to delete this dataset. After our backend successfully
deletes this dataset from database, it will send a response back to
the front-end and then the front-end will rewrite the current page.
In this example, the front-end will refresh the data in the table and
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users will find the second dataset disappeared. The entire flow is
provided in figure 15.

Figure 15: Flow of delete a dataset

The second template is responsible for showing detail informa-
tion of a specific machine learning model or dataset, such as some
parameters of a model. Such data is obtained in JSON format and I
need to convert it to readable data format. The screen-shot of this
template is provided in figure 16.

Figure 16: Structure of Angular in our project

The third template is responsible for providing a form for users.
In our project, users will submit forms frequently. For example,
when they select a machine learning model, they need to set pa-
rameters of the model and then click on "submit" button to upload
these parameters. There is a challenge in building these forms. Dif-
ferent users may choose different models and different models have
different parameters, which means I cannot use a static form, be-
cause it cannot meet all requirements. Some of the forms have to
be generated dynamically according to different parameters. After

users submit the form, the front-end will send these parameters to
our cloud server using Ajax.

Another new page that I have built in this semester is login.html.
The screen-shot can be seen from the figure 18. I use the Boot-
strap.css to beautify such page.

Figure 17: Screenshot for login.html

I tested the front-end code during three periods. The first period
is during the process of running. I used chrome’s developer tools
to check whether I have any bugs in my code. This is a useful tool
that can detect many errors of our web application. Figure 18 is an
example to show how it finds bugs.

Figure 18: Chrome developer tool

We can see from the figure 18 that there is a 403 forbidden
when the front-end tried to post a message to the back-end. Such
error message will not appear in the web view that makes users
confused, but the chrome developer tool can help us detect such
error easily. The second period is during the process of coding.
In this period, the plug-in of sublime called JSHint[12] can help
me check grammar errors. The sublime is a popular editor that
have a vast number of excellent plug-ins and JSHint is one of them.
JSHint can highlight the grammar errors when developers editing
JavaScript code. The Third period is when I finished my code work.
I used unit-test to detect bugs in my code. As I have described above,
Angular applications are module-based applications, which means
that it is easy for developers to test a big application part by part.
For each module in the front-end code, I built a testing module
which contains a set of input parameters and expected output data.
If the real output values are the same as real output values, the
original module can be seen as correct. If not, I will check this
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Table 2: Detected errors

Error type Dataset Module Prediction
404 0 0 0
403 5 3 0
500 2 1 1
JS Grammar 3 6 4
Loading too long time 2 1 0
xxx is not a function 1 2 0
Too much recursion 1 0 0
browser not compatible 1 1 1
HTML Grammer 1 2 0

module individually. Table 2 shows the error that I detected at the
beginning. Some of these errors are generated by the server, such
as 500 internal error, and they can be detected when front-end send
a request to the back-end.

4 REFLECTION
In this final-year project, I have also learnt many useful knowledges
on both machine learning and software engineering. For machine
learning, I have tried many models using Matlab and Python. I
grasped many useful tools and packages, such as tensorflow in
Python and libsvm in Matlab. Also, I have learnt many useful mod-
els, such as multi-poly regression [16] and multi-layer perceptron.
These skills will also be useful for my future work. For software,
I have learnt how to build front-end using Angular and have a
deep understanding on front-end architecture. Besides, I have also
learnt how to develop mobile applications using html5. I have learnt
so many skills in my final-year project. In addition, I also learnt
how to use GitHub to manage my project code. I know how to set
milestone, how to negotiate with our clients and how to work with
other group members. Through this final-year project, I also got
familiar with some useful tools, such as slack and zenHub. To sum
up, I really get a lot from this project. For future work, the research
on the machine learning models should be continued, because our
existing models are not the best. Specifically, there are three aspects
can be considered. The first one is the error rate. The decrease of
error rate is always worth pursuing. Currently our best machine
learning model is multi-layer perceptron (MLP), which is found by
my group mate in last semester. To achieve a better result, we can
try other models or just improve the parameters of the MLP in the
future. The second aspect is that we can consider more factors in
the real environment. In our final-year project, we only consider
the coordinates of the energy converters and ignore other factors.
Apparently, there are many other factors needed to be considered
in reality, such as the size and the submergence depth of wave
energy converters. Our existing models do not take these factors
into consideration. The third aspect that can be improved in the
future is our applications. We designed many functions, but some
of them cannot be finished within limited time.

5 CONCLUSION
In this final-year project, I have made some contributions to the
wave energy converters. In the first semester I mainly focus on

research side, while in the second semester I mainly focus on the
software side. For research side, I have built several machine learn-
ing models in the semester 1. The details of this part have been
described in the last semester’s report. For software part, I have
built the front-end of our web application and an Android app.
These applications can invoke the machine learning models which
we built in the first semester, so our work has a logical progression.
In this semester, we design a poster and show the applications in
the university’s open day and ingenuity show. By showing these
applications to the public, we introduce to others the meaning of
wave energy converters and how we build our machine learning
models for this project.
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