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An Interactive System for Real-time
Wavefront-based Water Waves Simulation

Sean Dillon
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Supervisor: Carol O'Sullivan

The work of this thesis aims to bring a state of the art research by S. Jeschke and

C. Wojtan [Jeschke and Wojtan(2015)], for water waves simulation through wavefront

propagation into the real time domain. The original work stands out for two major

qualities: �rstly, a very accurate height calculation scheme is used for each rendered point

of the surface. Additionally, their system is the �rst to unify the 4 desired wave behaviours,

which enables rich environmental interactions. Our work consists of three parts. Firstly,

we manage to perform the simulation and the rendering simultaneously by substituting the

original interpolation scheme with a heuristic propagation model. This novelty allows us

to propose some methods for enabling interactions between dynamic bodies and the water

surface, which is our secondary contribution. Lastly, we perform a technical evaluation

on the implementation with the hopes of providing a better understanding of both the

technical and design limitations of such a system and we provide our insights for the

direction of the future work.
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Chapter 1

Introduction

In this chapter we give some introductory context and motivation about this work. We

also provide an outline about the organization of this text.

1.1 Wavefronts Versus Other Approaches

The �rst thing that we would like to clarify about our motivation is why we chosewave-

fronts for water simulation. The initial aim of this study was to animate ocean waters.

Unfortunately, the number of studies around this topic go beyond the scope of this the-

sis (and possibly any thesis) since it is approached by many sciences. One could divide

these studies intoAccurate Simulations for Science and Engineeringand Simulations for

Entertainment.

Since we are interest in entertainment applications, we explore only the second cate-

gory. The two most common approaches are the Eulerian and the Lagrangian, which work

with 3-dimensional grids and they di�er on their frame of reference. While these are great

for simulating behaviours of 
uids in closed spaces, they are unfeasible for rendering large

scale scenes in real time. A more feasible option is using 2-dimensional grid methods that

produce surfaces with the trade-o� of not being able to model the separation of water

into large bodies. Despite of their limitations, they are usually a good �t for large scale

1



Figure 1.1: Visual comparison between two systems. On the left we have a 2-Dimensional
grid system that is based on simpli�cations on the Navier Stokes equation. On the right
we have the system described in this thesis.

scenes.

The above reasoning directs us to 2-dimensional techniques. Alas, there is no standard

approach in this category since researchers over the years have devised di�erent models

that make assumptions or simpli�cations to the Navier-Stokes equation. Fortunately,

during the background reading of this thesis, we discovered a more cohesive group of

studies that model ocean water surfaces a combination of wave functions.

While following the work on this area, we found that the state of the art applies

these wave functions on the surface by modeling wavefronts and propagating them in

space, similarly to light waves in the theory of optics. This is where thewavefront term is

derived from in the title of this work. As shown in the following chapters, these approaches

have the potential to bring far more rich water animation into real-time entertainment

than models that are usually applied. We provide two images from two implementations,

one is the wavefront based one described in this thesis and the other is based on [O'brien

and Hodgins(1995)]. See Figure 1.1 for a visual comparison.

1.2 Motivation and Goals

Our motivation derives mainly from the great quality seen in the results of the research by

Stefan Jeschke and Chris Wojtan [Jeschke and Wojtan(2015)]. A high detail approach to
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calculate the heights of the water surface is used and the waves react with the surrounding

environment. The only caveat of their work is that, while an interactive editing is possi-

ble for manipulating the �nal animation result, changes in the simulation create abrupt

changes in the rendering. In an interactive entertainment environment, i.e. a videogame,

where the user should be able to interact with the surface without re-initializing the

simulation but rather in
uencing its current state, this system would not be appropriate.

One could propose the usage of a secondary system for handling this kind of interac-

tions and then combining the results into a �nal surface by adding together the two height

maps. The main issue with this approach is that each system has its own interpretation

of water physics and thus the results are expected to be odd. For example, in the work

of James F. O'Brien and Jessica K. Hodgins [O'brien and Hodgins(1995)], the simulation

is expressed in terms of pipes, pressure, pipe 
ow and volumes, quantities that resemble

hydraulics and make characteristics such as the waves amplitude and phase speed very

hard to control. A combination of the two techniques is essentially a fusion of two di�erent

visual interpretations of a natural phenomenon.

While researching combinations of existing systems and evaluating their plausibility is

a very interesting topic, we have decided to solve the problem by creating a novel system

that encapsulates the aforementioned interactivity while featuring some of the qualities

of the state of the art. More speci�cally, our work aims for:

1. Interactivity for entertainment purposes.

2. High level height map approximation (as in the state of the art).

3. Environment interactions (as in the state of the art).

4. Scalability of the resolution of the water surface.

5. A reasonable level of rendering quality.

6. Real-time frame rates.

3



It is important at this point that we disambiguate what we mean byreal-time. In the

context of rendering, the term is used to describe content that is not pre-processed but

rather calculated during the display of the results. In our case, it is used to describe two

di�erent things; one is the nature of the application as described above, and the second

is the nature of the simulation: in contrast with the state of the art, the parameters

for rendering the results are not found before rendering the scene. On the contrary,

the simulation integration and the rendering routines run in the same loop. As such,

goal number six refers to optimizing the modeling and implementation of the system for

running in acceptable frame rates, while goal number one refers to running the simulation

integration and the scene rendering simultaneously.

1.3 Thesis Outline

The text is organized in 7 chapters. Chapter 1 serves as in introduction to the topic by

explaining the motivation and goals of this work. In Chapter 2, we provide background

information about the 4 desired wave behaviours: Dispersion, Refraction, Re
ection and

Di�raction and we give our literature review. In Chapter 3, we explain how the wavefront

propagation and recording of parameters is performed, together with some elements of

linear wave theory, as they are presented in the state of the art. In Chapter 4, we present

the already found ideas we used for modeling the environment interactions through wave

behaviours and we propose methods for interactions with 
oating and self-driven bodies.

In Chapter 5, we explain how interactivity for entertainment is enabled through a heuristic

propagation of a set of wavefront parameters. Chapter 6 is dedicated to the Real-time

Rendering component of our implementation and the evaluation and discussion is featured

in Chapter 7.

4



Chapter 2

Background

In this chapter, we provide some background knowledge for the reader and we give both

an extensive description of the previous work as well as a literature review that groups

the examined papers by the type of technique that they propose.

2.1 Desired Wave Behaviours

A good part of the research on water wave simulation focuses on modeling some desired

behaviours. We explain them by giving some intuitive de�nitions and some annotated real-

life images for the novice readers. It is important that these phenomenons are understood

since a major part of our interest and the work done so far by other authors is their

replication in computer graphics environments.

Dispersion : Dispersion refers to frequency dispersion: many waves travel with dif-

ferent phase speeds. Dispersion in nature can be observed by noticing a variety of wave-

lengths in waters waves, especially when they break at a the coast line. See Figure 2.2

(right) for an example.

Refraction : Similarly to optics, refraction refers to the change of direction of the

wave when moving in di�erent mediums. The mediums here are waters with di�erent

depths. Refraction is more e�ective in shallow waters and less e�ective in deep waters.
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