Implementation of a real-time 3D
navigation visualization onh the web

del Corral Farraros, Carolina

= e urs 2022-23

:' L I {.1

$—
| dad -
v
\\“‘ - ! !
i t
:
e

Director: Quim Colas
i (A F

.GRA ”E‘ ENGINYERIA EN SISTEMES AUDIOVISUALS

upf 2b o 0 € of= 0



Implementation of a real-time 3D navigation
visualization on the web

Carolina del Corral Farraros

FINAL DEGREE THESIS
Bachelor’s degree in Audiovisual Systems Engineering

UPF ENGINEERING SCHOOL
2023

Director: Quim Colas
Interactive Technologies Group (GTI)

Universitat
upf Pompeu Fabra
Barcelona







Que es mi barco mi tesoro,
que es mi dios la libertad,
mi ley, la fuerza y el viento,

mi unica patria, la mar.

A totes les dones de la meva vida.
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Abstract

Traditional nautical autopilot systems require ships to have complex and expensive elec-
tronic components, making its use and access di  cult to the private user with small motor
crafts. Under the need to cover this niche market, Searebbel was born, a start-up focus-
ing on developing a digital rudder that connects to a mobile application. The app aims
to make autonomous navigation easier and more accessible by means of route planning
based on user-speci ed waypoints on a 2D map. In parallel it provides a 3D visualization
simulating the user’s boat sailing in real-time based on weather conditions, sun position,
and location, and a social component where users can add information buoys and share
their journey with friends.

This thesis covers the implementation of the pre-MVP with an interactive 2D map and
a real-time dynamic 3D visualization of the maritime scene. The application o ers the
rendering of a large ocean surface in real-time with physics, as well as the support of
multiple weather conditions such as rain, clouds, fog and di erent sea states, making it a
challenging task to achieve in the context of mobile devices. This project uses the React
library as the container of the frontend application, implements the MERN stack for the
backend connection, Mapbox for the 2D scenery, and React Three Fiber, an extension of
the Three.js library, for the graphics.

The result of this work is a web demo that ful lls all the requirements with outstanding
performance while still delivering great visual results, carrying out a proof of concept that
can easily be extended in the future.

Resum

Actualment, els vaixells necessiten components electronics complexos i cars per tal de
tenir sistemes de pilot automatic, di cultant I'us i acces a I'usuari particular amb petites
embarcacions. Sota la necessitat de cobrir aguest n nxol de mercat, va neixer Searebbel,
una empresa emergent orientada a desenvolupar un timo digital que es connecta amb
una aplicacio mobil. L’app busca facilitar i fer mes accessible la navegacio autonoma a
traves de la plani cacio de rutes amb waypoints especi cats per I'usuari sobre un mapa
2D. Paral-lelament, ofereix una visualitzacio 3D simulant el vaixell de I'usuari navegant
en temps real, basat en les condicions climatiques, posicio solar i localitzacio. Aix com
un component social on els usuaris poden afegir pins d’informacio i compartir la seva
travessia amb amics.

Agquesta tesi cobreix la implementacio del pre-MVP amb un mapa 2D interactiu i una
visualitzacio 3D dinamica en temps real de I’escena mar tima. L’aplicacio ofereix la repre-
sentacio d’una gran superf cie oceanica en temps real amb f siques, aix com el suport de
multiples condicions meteorologiques com la pluja, nuvols, boira i diferents estats marins,
convertint-se en una tasca dif cil d’aconseguir en el context dels dispositius mobils. Aquest
projecte utilitza la biblioteca React com a contenidor del frontend de I’aplicacio, imple-
menta I’stack MERN per a la connexio del backend, Mapbox per a I’escenari 2D, i React
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Three Fiber, una extenso de la biblioteca Three.js, per als ga cs.

El resultat d'aguesta feina es una demo web que compleix tots els requisits amb un
rendiment excepcional, oferint uns grans resultats visuals, obtenint aix una prova de
concepte que es pugui estendre ficilment en el futur.

Resumen

Actualmente, los barcos necesitan componentes electionicos complejos y caros para tener
sistemas de piloto automatico, dicultando el uso y acceso al usuario particular con
pequenas embarcaciones. Bajo la necesidad de cubrir este nicho de mercado, naco
Searebbel, una empresa emergente orientada a desarrollar un tinon digital que se conecta
con una aplicacon novil. La app busca facilitar y hacer nas accesible la navegacon
aubnoma a trawes de la plani cacon de rutas con waypoints especi cados por el usuario
sobre un mapa 2D. Paralelamente, ofrece una visualizacon 3D simulando el barco del
usuario navegando en tiempo real, basado en las condiciones climaticas, posicon solar y
localizacon. As como un componente social donde los usuarios pueden anadir pines de
informacon y compartir su travesa con amigos.

Esta tesis cubre la implementacon del pre-MVP con un mapa 2D interactivo y una
visualizacon 3D diramica en tiempo real de la escena martima. La aplicacon ofrece la
representacon de una gran super cie oceanica en tiempo real con fsicas, as como el apoyo
de multiples condiciones meteorobgicas como la lluvia, nubes, niebla y diferentes estados
marinos, convirtendose en una tarea difcil de conseguir en el contexto de los dispositivos
noviles. Este proyecto utiliza la biblioteca React como contenedor del frontend de la
aplicacon, implementa el stack MERN para la conexon del backend, Mapbox para el
escenario 2D, y React Three Fiber, una extenson de la biblioteca Three.js, para los
g\ cos.

El resultado de este trabajo es una demo web que cumple todos los requisitos con un
rendimiento excepcional, ofreciendo unos grandes resultados visuales, obteniendo as una
prueba de concepto que se pueda extender acilmente en el futuro.
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Chapter 1

Introduction

The aim of this TFG is to create a pre-MVP version of an app to support easy navigation,
by means of route planning based on user-speci ed waypoints on a 2D map, in parallel
to providing a 3D visualization simulating the user's boat sailing in real-time based on
weather conditions, sun position, and location, and a social component where users can
add information buoys and share their journey with friends. Indeed, | implemented a
web-based demo of the route planning and social component on a 2D map and their 3D
simulation. It ts the pre-MVP requirements, while providing a solid basis for extending

it to the full app. Finally, the work covers both the front-end and back-end aspects,
therefore is considered to be a full-stack project. This work was done under the context
of Searebbel, a start-up company that aims to simplify navigation by creating an autopilot
system and the developed version of the app described above.

Chapter 1.2 discusses the functional requirements of the pre-MVP as initially
established, compared with those of the full application; it also presents the evolution
of those requirements, and the functionalities nally achieved in this TFG.

" Chapter 3.1 reviews the main choices to implement the appReact as an overall
system,Mapboxfor 2D, React Three Fiber a React renderer for Three.js on WebGL
for 3D, and the speci ¢ choices of libraries within them.

Chapter 3.3 presents an overall view of the 2D system, and its four main com-
ponents providing details of the map itself, the \buoys" or pins of information, the
current route waypoints and the location of the user's boat. To add the map canvas,
the application connects toMapbox as speci ed before. However, it also needs to
get all the aforementioned data from a database, for such a taBkERN stack was
implemented, to bring together MongoDB and React usingxpress - Node.js

Chapter 3.4 describes the di erent elements of the 3D simulation and its connec-
tion with weather services as the sea state and the climate of the scene are reactive to
the forecast of the user's location, as the demo is connected@penWeather API to
retrieve the corresponding data. The scene also contains other interesting elements,
like the coastline, the buoys seen in the map and a changing skybox according to
the hour of the day the render is being displayed.

Chapter 3.5 covers the implementation of the logbook element.

Chapter 4 exposes the results obtained and relates them with the original require-
ments and evaluates the client's satisfaction.

Chapter 5 concludes the project and explores the di erent lines of future work.
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1.1 Context - Searehbel

Searebbel o ers to make an autopilot navigation system by creating an intelligent rudder
that is installed on top of the boat's manual rudder. The company also designed an
application, an extension of the navigation system, that creates all the routes taking into
account the waypoints the user speci es in a 2D map. However, they also wanted to add
a social factor to it by giving the user the possibility to add \buoys" of information along
the route so that other users can see relevant data regarding the sea state, and afterwards,
share with friends their journey in a video format. To give the app an added value, they
wanted to include a 3D visualization of the user's boat sailing the sea in real time, coherent
with the current real world weather conditions, sun position and boat location, among
others. My goal is to implement, in a web application, a demo of the 2D map, the 3D
scene and the logbook recording.

Figure 1.1: Wireframes of the application.

1.2 Requirements

The documentation of the project made a clear distinction between the two phases of the
development process: the pre-MVP and the commercial app. This work addresses the
rst, a demo capable of showing the full potential of the application, keeping in mind that

IS going to be extended in the future with slightly di erent requisites. The requirements
were the following:

Functional

" Solar Position (geolocation + hour): The visualization will need to read the
geolocation of the boat, know its trajectory and, according to the time of the day,
correctly represent the sun position. This needs to be functional at all times of the
day, including the night, and be able to truthfully represent the sky state at that
given moment. This requirement is nal and the commercial product will be the

same.



Coastline (geolocation): It is not mandatory for the demo to include resources
for representing the coastline in the scene. Nevertheless, the partial implementation
of it would be appreciated. For instance, being able to fake the coastline of a given
location to represent the capabilities the MVP will have.

Logbook: Regarding the social component, the user has the possibility to create a
logbook of the route carried out. Along the journey, the boat stops, speed, photos
and other inputs will be stored, so at the end they can share their experience with
a mixed 2D/3D video that sums it up.

Pins/Buoys of information: As mentioned, Searebbel o ers the option to add
pins of information along the route; they can contain details on the water clarity,
presence of jelly sh, Ith... among others. To maintain the maritime style, these
pins will have the appearance of buoys.

Boat's aspect: Inthe demo, there is no need to have a customization option, being
able to choose between a few basic models is su cient. The user will have control
over the aspect of the ship in further versions of the application.

Weather (geolocation + meteorological service): The demo does not need
to render di erent weather conditions. In such a case, the clime could be faked or
chosen between some presets. In the future, the app will connect to a meteorological
service in real time in order to display the weather in the user's location.

Other ships' location:  As the application wants to have a social factor to it, they
want the MVP to be able to render other boats near the user's own. However, this
is not needed in the demo.

Non-Functional

" APP Integration: For the pre-MVP, selecting the 3D view in the app will open
a new window in the browser. Nonetheless, in the commercial version, the 3D view
Is meant to be fully integrated in its own context.

Therefore, this introduced a challenge concerning the programming language and
libraries that were required for the correct implementation and future integration
of the scene in the commercial app.

Initially, my intention was to use Javier Agenjo's libraries, Rendeer.js and Litegl.js,
with the goal of reusing and enhancing the work he had done years ago for the
Barcelona World Race. These libraries are designed to work in a web environment
using the Javascript language, thus they were perfect for the development of the
web demo.

In spite of this, | had to keep in mind that the web demo will be adapted to the
non-web version in order to view the 3D scene inside the app being developed in
React Native. Doing some research on how to integrate J. Agenjo's libraries, |
found that they were not compatible and there was no documentation regarding the
possibility of adapting them. Consequently, | decided to switch to Three.js since

3



the community is much larger and there seemed to be resources concerning the
integration in a React environment.

At the beginning, | intended to use Vanilla Three.js. However, it is not functional
in React Native CLI, only using Expo. Looking into it, | found a React renderer
for Three.js: React Three Fiber (R3F), a library that allows the creation of 3D
scenes in React Native, functional in web and mobile applications. Consequently,
this was the technology chosen for this project since it has future projection and it
is as versatile and capable as plain Three.js. Later on, | will get into detail about
the advantages and disadvantages and main di erences of using the R3F library.

Find attached the original requirements table in appendix A, as well as the wireframes
and mockups of the application designs, created by Quim Cohs.

1.3 Objectives

Taking into account the di erent requirements, this project can be divided into three main

contexts regarding the principal concerns surrounding the use of the application before,
during and after the experience of navigation. Each of the contexts directly corresponds
to a main element of the de nitive app, re ected in the following table:

Context

Description M

ain App Element

Planning

A 2D visualisation in which the user
can navigate the map and plan the
route to follow by marking points
on it.

A 2D map where the waypoints
can be seen, the user can see i
boat located in the map, drag it

tion along the way.

around and leave buoys of informar

s

Navigation

Combine the 2D where users ca
track the ship's geoposition on the
map and the 3D to view it in with
weather conditions, sun position,
and a coastline if visible. For an op-
timized demo, speed, coastline an
weather during the journey will be
simulated.

A 3D view corresponding to the
navigation process, where the use
can switch between the 2D map ang
the 3D scene and visualize its shij
drent weather conditions, the sun lo-
cation and the coastline if needed.

sailing the sea according to the cur;

(=)

Experience-
sharing

Generation of a video summarising
the experience by combining the 20
and 3D visualisations and informa-
tion (photos, comments, etc.) en-
tered by users during the journey

A button that will access the stored
route and generate the video.

(which can be simulated).




Chapter 2

State of the art

A widely used approach for ocean rendering in professional productions, like the Titanic
movie, is Tessendorf's FFT-based method [1]. Usually developed in engines such as Unity,
Unreal, DirectX or OpenGL due to the high demand on resources, use of processes like
Tessellation and compute shaders.

Figure 2.1: Rendered image of an oceanscap®m Tessendorf's paper

Nevertheless, there exist few implementations in WebGL, such as the technology developed
by Javier Agenjo for the Barcelona World Race 2015 Although his work was intended for

a game, it included the same elements Searebbel requires concerning the 3D scene. Agenjo
used Rendeer.js and Litegl.js for his implementation. For the wave generation algorithm he
utilized Gerstner Waves, introduced by Fournier & Reeves for lightweight ocean rendering{

a commonly adopted approach within web-based graphics [2]. For dealing with Level Of
Detail (LOD) he used the projected grid concept, introduced by Claes Johanson [3].

Figure 2.2: Screenshot of the BRW Demdiy J. Agenjo.

Gerard Llorach also addressed sea simulation in web environments for the OBSEA project
he carried it out in Three.js and also used Gerstner Waves. However, for the ocean surface
mesh he modeled his own grid with di erent resolutions depending on the distance to the
center. Both J. Agenjo and G. Llorach implemented buoyancy to the objects on the sea
by computing Gerstner waves on the CPU.

IBWR Web Demo: https://tamats.com/work/bwr/
20BSEA Web Demo: https://bluenetcat.github.io/OBSEA/
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Figure 2.3: Screenshot of the OBSEA Demdy G. Llorach.

In 2013, Guanyu He and Hao Wu presented ocean simulation using Tessendorf's approach,
creating a custom FFT shader in WebGL [4]. As mentioned earlier, the drawback of this
method is its high cost for large surfaces, which cannot be supported by WebGL in real-
time. To settle this problem, they join patches of grids of di erent resolutions. This
allows to render visually in nite surfaces, however the regularity of the ocean and the

gaps between patches is notable.

Figure 2.4: Screenshot of nal resultby G. He and H. Wu

In 2015, kemy Bouny also provided an e cient implementation of the Fast Fourier
Transform algorithm in WebGL3, through the generation of a displacement map and a
normal map applied to the vertex and fragment shader. For the ocean mesh, he used
the screen space grid method by C. Johanson. Bouncy's demo achieved high frame rates
while delivering satisfying visual results, however it does not resolve the issue of ocean

regularity encountered by other researchers.

Figure 2.5: Screenshot of \A trip under the moonlight" by Eemy Bouny .

3Github Repository of jbouny: https://github.com/jbouny/ t-ocean
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Chapter 3

Technical Development

In this section the technical aspects, the decisions taken and the problems faced will be
discussed in detail in each of the three di erent contexts referring to their main element
(i.e. 2D map for the planning, 3D canvas for the navigation and logbook for the experience-
sharing), taking into consideration the need for future scalability and implementation on

a mobile application.

3.1 Libraries

3.1.1 React Native

The company is using React Native, a framework used to develop cross-platform appli-
cations in Javascript, to build their app. This decision will determine the rest of the
technologies utilized; to ensure the compatibility of all the libraries used in the project
the web demo will also be developed using React.

Other multi-platform architectures such as Flutter or Xamarin could have been used,
however this decision was taken by the company.

3.1.2 Mapbox

As for the 2D map, we chose to use Mapbox, an online map provider, which o ers a
studio to customize your own map style according to your needs. It also provides a
library, Mapbox GL JS, that allows you to to display your maps, add interactivity and
customize the experience in your web-based application, which is exactly what is needed
for the 2D context of the project.

Mapbox was also chosen because it works for web and mobile applications, bringing
the scalability needed for the project. They provide separate SDKs to integrate it in
Android and iOS, however they do not have tools that support hybrid frameworks, like
React Native. This did not pose a problem, given that there are external plugins and
integrations that allow the use of Mapbox SDKs in a React Native environment [5].

There exist other map providers such as Google Maps, Lea et.js, react-geo or Pigeon
Maps, these options were discarded as they did not provide tools for all the needs of the
project, there was not enough documentation or due to lack of free pricing plans.



3.1.3 React Three Fiber

The requirements were very restricting when it came to deciding which library to use for
the 3D graphics. As the demo was going to be hosted on the web but it was intended to
be integrated in a mobile app environment in the future, so my work had to be the most
reusable possible. For web graphics, the most extended library is Three.js, but | had to
keep in mind that the main app is being developed using React Native. Doing research |
found that the Three.js community has developed a renderer for React called React Three
Fiber (R3F), which allows it to generate 3D graphics in any environment, web or mobile.

The Babylon.js framework also supports React Native implementation, however the com-
munity is smaller, so | decided to stick with R3F as it has more users and active developers.
R3F claims to be as powerful as Three.js where you caBuild your scene declaratively
with re-usable, self-contained components that react to state, are readily interactive and
can participate in React's ecosystem'. This was the most reasonable and guaranteed to
work option, so | chose to go ahead with it as anything that can be done in Three.js can
be mapped onto R3F, and the performance does not seem to be a ected.

The evident di erence between vanilla Three.js and R3F is the sintaxis, as it is expressed
in JSX, a javascript extension that structures components resembling HTML. However,
there are more di erences than those at rst sight, when creating a scene in R3F it is
distinct from Three.js as everything gets encapsulated inside theCanvas>component,
including the renderer, scene and camera. These elements can still be accessed, but it is
a complex task. Therefore, working with this tool has implied an added complexity that
working directly with Three.js would not have. Having everything hidden in components

is powerful and easy to use for easy tasks, but when the complexity rises it gets harder
to implement and to access the lower layers. Despite these inconveniences, React Three
Fiber has allowed me to achieve all the goals and milestones.

3.1.4 MERN Stack

The application needs to fetch data from the database to display the pins of information
correctly in the canvas and allow users to login and register. As the app is being developed
in React and the company chose MongoDB as the database program, | implemented the
MERN Stack? to bring together the frontend and backend and database, using Javascript
only. The four technologies that compose it are: MongoDB for the document database,
Express.js for the Node.js web framework, React for the client side and Node.js for the
web server.

In table 3.1 the features of each library and how they directly relate to the requirements
can be seen for a better understanding on the choices made.

1React Three Fiber Documentation: https://docs.pmnd.rs/react-three- ber
2MongoDB Documentation: https://www.mongodb.com/mern-stack
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Figure 3.1: lllustrative Diagram of the MERN Stack

Requirement Feature Library
App Integration Multiplatform Support React Native
Solar Position Get Sun And Moon Position And Sunlight Times| SunCalc.js
Boat's aspect
Coastline Loading (GLTF) models R3F
Buoys Of Information | Markers Mapbox

Post and Get requests on MongoDB MERN Stack

Logbook Capture Stream HTMLMediaElement
Weather Current weather data at a given location OpenWeather API

Table 3.1: Features of libraries related with each requirement

3.2 App Layout

Taking into account that the app is being developed in React Native, the container of
the web application is also built upon such. React is a front-end Javascript library which

Is based on components, these are reusable and independent and work like a Javascript
function. Elements can contain children and be nested with other components, thus
creating a Ul tree; however, information cannot be shared between children in a direct
way, they need to send it to the parent node, which will be in charge of sending it to the
other child component.

Being able to have independent nodes brings bene ts, as well as disadvantages. It is great
for assembling Single Page Applications, as each has its own functionality and logic. On
the other hand, it gets complex when you want them to interact with each other, as the
state of the application needs to be updated for all the elements to be aware of the changes
of one another. Nevertheless, this allows the root or parent nodes to have control over
the whole application or scene.

In order to better understand all the components involved in the app and the pipeline,
supplementary Figure 3.2 is provided.
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