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Introduction

Rendering realistic moving water is one of the key techniques that immerse the viewers into interactive graphics world including computer games. Physical
simulations based on computational fluid dynamics (CFD) is useful for rendering the realistic behaviour of water. However, real-time fluid rendering has been
one of the challenging tasks because of high computational cost of CFD. According to the recent development of programmable graphics hardware, many
graphics functions are replaced by hardware processors. In this research we propose real-time particle-based fluid simulation with Smoothed Particle
Hydrodynamics (SPH) on Graphics Processing Unit (GPU).

Smoothed Particle Hydrodynamics

SPH is one of the CFD methods which represent fluid as a collection of particles instead of grid-based field. Field S = Zm AJ-W(I 1)
quantities are expressed as summation of physical values each of which is weighted by smoothing kernel product L - "o b
in the vicinity of each particle. A physical quantity 4, its gradients and Laplacian are computed by Eq.1, Eq.2 J

and Eq.3 where m, is the mass of particle j, p, the density, r, and r, is the location of particle i and V4, =ij ijW(l} —1;) (2)

respectively. /7is the smoothing kernel which has decreasing profile along distance between particles. To solve ’ Aj

these equations the particle density distribution around each particle must be known beforehand. V24 = Z m, i VW (r, -1,) (3)
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Proposed method has two key features: a neighbour map creation on CPU CPU GPU

and procedural computation of kernel products with the most use of GPU.
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Computing Attributes

Equations of SPH(EqQ.1, Eq.2, EqQ.3) have similar Neighbour Map Product Attribute
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Collision Handling
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Figure 4 Collision Effects Implementation

Experimental Results

Table 1 Results(Simulation Time)

We conducted simulation§ with GPU CPU
1000, 1500 and 2000 partlcles by e h Construct
the proposed GPU-assisted method Num.of - Nejghbour Map Solve 5 vl Construct Solve 3 verall
and only on CPU. [Table1] Particles Equations Neighbour Map Equations
\ : andrrranSfel‘—
E)((:FI)DeLTTetntI IE:nvitronr‘r‘:ezn; o | 1000 4.4ms 3.6ms 3.0ms 3.4ms 11.1ms 14.5ms
m : Intel Pentium4 2. Z
EGPU: NVidia GeForce EX 5950 Ultra h 1500 S5.7ms 4.0ms 9.7ms 4.3ms 12.3ms 16.6ms
ENVidia Cg Compiler 1.2.1 2000 6.9ms 4.6ms 11.5ms 5.2ms 14.5ms 19.7ms

Discussions

The proposed GPU-assisted method is capable of solving the SPH equations about 3 times faster and running 2 times faster in overall process. The
bottlenecks of the process are neighbour map constriction and data transferring between CPU and GPU. Simulation time can be even shortened by skipping
neighbour map reconstruction in some cases in which neighbouring particle groups differ slightly, depending to the scene situations.



