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Real-Time Animation of Water*

Takashi Amada

Abstract

Real-time rendering of realistic motion of fluids is one of the methods that
immerse a player into an interactive application such as computer games. Inter-
action of fluids with rigid bodies is important because fluids and rigid bodies move
influencing each other. Fluid simulation based on Computational Fluid Dynam-
ics (CFD) is useful for rendering visually plausible behaviour of fluids. However,
due to the high computational cost of CFD real-time rendering of fluids needs
fast simulation. This paper shows the particle-based fluid simulation based on
Smoothed Particle Hydrodynamics including interaction between fluids and rigid
bodies, its fast implementation and how to render realistic water surface with
optical phenomena such as reflection, refraction and Fresnel effect. The proposed

method enables real-time animation of water with rigid body interaction.

Keywords:

computer graphics, physics based animation, computational fluid dynamics

* Master’s Thesis, Department of Information Processing, Graduate School of Information
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0 2.2 Practical Animation of Water (SIGGRAPH 2002)[1](0 )0 Animation and
Rendering Complex Water Surfaces (SIGGRAPH 2003)[2](0)
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0 2.3 Rigid Fluid: Animating the Interplay Between Rigid Bodies and Fluid
(SIGGRAPH 2004)[20]
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0 24 Particle-Based Fluid Simulation for Interactive Application (SIG-
GRAPH/Eurographics Symposium on Computer Animation 2003)[3]
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while simulating {
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v (t+ A = 1,(t) + Atv,(t + ém) (3.45)

R(t+Al) = Q(t+§At)R(t) (3.46)
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¢(r) = [r[-R (4.3)
000000 ¢(r)00000000000035000000000000

o(r) = Z ijpolyG(r —rj,h) — piso (4.4)
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R = I-2(N-I)N (4.6)
000000000000000TO0000000000

sin 6,

T = —Ncosb, —

{(N-I)N-1I)} (4.7)

sin 6;
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1 (sin®*(0; —6,)  tan®(6; — 6,)
R(QZ) N 5 {sinz(@- + Qt) + tanQ(Hi + Ht) } <48)
T(6;) = 1-R(6) (4.9)
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_ (771 - 772)2
R(0) = 7(771 ) (4.10)
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R(0;) = R(0)+ (1— R(0))(1— cos(#;))® (4.11)
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// 000000000000 00000b00b0bo0oobooobob
initialize neighbour texture

procedure render_water_surface {

// 00000odbouoboOoboooboonog
clear neighbour texture with alpha O

// 00000000b0o0boooboonDon
// 000000000000 b0oboobooog
render far objects to cube map texture
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// 0D00o0dooobooobooobooonon
// 0000000000 1gboboooooogon
render near objects with alpha 1 to neighbour texture

// 000000ob0oboboobob 0000
for each fragment f in water surface {

// 00000000000 00O0

color refract_color

// f0000000000000000O00DbO0bOO0oO0b00oobogon
color ¢ = fetch texel at f.xy from neighbour texture

// 0000000000 o0000
// 0000000000000000000000
if (c.alpha > 0) {

// 0000000000000000O0
// 00000000000 00000
refract_color = c;

}
else {

// 000000000000 b0b0oooooooobDoboo
vector T = compute refract vector

// 00b00b0bo0bo0boboooboobobooboboboboon
// 00000000oon
refract_color = fetch textel at T from cube map texture

3

// 000000000000 00
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B. Leap-Frog
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