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Synthesis of Ocean Wave Models and Simulation Using GPU

DongMin, Lee" - Sungkee, Lee"

ABSTRACT

Among many other CG generated natural scenes, the representation of ocean surfaces is one of the most complicated and
time-consuming problem because of its large extent and complex surface movement. We present a hybrid method to represent and
animate unbound deep-water ocean surfaces by utilizing graphics processor as both simulation and rendering core. Our technique
is mainly based on spectral approaches that generate a high-detailed height field using Fourier transform on a 2D regular grid.
Additionally, we incorporate Gerstner model and generate low-detailed height field on a 2D projected grid in order to represent
large waves and main structure of ocean surface. There is no interruption between CPU and GPU, and no need to transfer
simulation results from the system memory to graphics hardware because the entire simulation and rending processes are done
on graphics processor. As a result we can synthesize and render realistic water surfaces in real-time. Proposed techniques are
readily adoptable to real-time applications such as computer games that have heavy work load on CPU but still demand plausible
natural scenes.

Key Words : Natural phenomena, Ocean wave models, GPU(Graphics Processing Unit), Real-time wave simulation
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void PS_Gerstner(in half2 coord0 : TEXCOORDO,
out float4 OUTO : COLORO)
{
float4 pos = lerp( lerp(corner0, cornerl, coord0.x),
lerp(corner3, corner2, coord0.x), coord0.y);
pos = pos / pos.w;
for( int i=0; i<WAVE_COUNT/4 ; i++)
{
float4 theta = kx[i]*pos.x + kz[i]*pos.z -
omegal[i]*t;
float4 SINE = mag[i]*sin(theta);
float4 DX += dirx[i]*SINE;
float4 DZ += dirz[i]*SINE;
float4 Y += mag[i]*cos(theta);
}
OUTO.x = pos.x - (DX.r+DX.g+DX.b+DX.a);
0UT0.z = pos.z - (DZ.r+DZ.g+DZ.b+DZ.a);
OUTO.y = Y.r + Y.g + Y.b + Y.a;

ouTO.w = 1;
}
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float4 pos = lerp( lerp(corner0, cornerl, IN.coord0.x),
lerp(corner3, corner2, IN.coord0.x), IN.coord0.y);
pos = pos / pos.w;
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float3 GerstnerPos =

tex2Dlod( SamplerGersterHeight, float4(IN.coord0,0,1));
float3 OUT.GerstnerNormal =

tex2Dlod(SamplerGersterNormal, float4(IN.coord0,0,1));
float4d HD =

tex2Dlod(SamplerFourierHD, float4(OUT .FourierCoord,0,1));

float3 FourierPos = pos + float3(lamda*HD.zHD.x lam+HD.w);
OUT.objpos = Gerstner_pos +Fourier_pos +{0,VerletHeight,0};

float2 FourierNormal =

tex2D(SamplerFourierNormal, IN.FourierCoord);
Normal.xz = IN.GerstnerNormal.xz + FourierNormal;
Normaly = 1;

oA WA wWE

o Axte] 7hsdt
o 71e7|E 28 a
HE o]&ste] A MHE FHd
2 WAL HE e} 2 WEHE )

=4 WHE Als] 9
reflect, refract® #|&3cy =4 “—‘]1391 At A Al
P =99 e Ao sHEse] =

4>f~"1'

o o

T DD c= )
e 2

_,>L
©



430 ZEMeIE=2X A M14-AT [7=(2007.12)

ek ANE WL 2E NEE ol sl WA W3t 23
g AEYY G el A8 AU WAl it
o] FHo] %Zlo]oﬂ )

float3 vRefl = normalize( reflect(-IN.View, Normal) );
float3 vRefr =

normalize( refract(-IN.View, Normal, 1/1.33) );
float2 refrcoord =IN.ReflCoord+vRefr.xz+IN.objpos.y *.1;
float2 reflcoord = IN.ReflCoord + vReflxz * 0.1;
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(ocal) A9 % 71 GEIZ FAE. A9 24 o
TE, e ol $uldA Wel WelA gl F9l #7ol
THo| HIAlE o] Hol= AL 3 94 dAlg 2
Slol wl gl vlsk go] e shrkel & BATL FH
habsle] Woli g ejulgth AQH wabz W} o
g g2d HER FU Y 92AE AFYste] tehdch

o,
E

ko
ol
-
N

A wbbsl FAe F7H49 AHE Alzke] 2
AT AL BaAE olgald 4A wHo| 7

= =] ol
th A9H b g AL UmA EAE, dF 9,
iy A 55 AA el ofd s Eili\-ﬁloﬂ RlI=E
o & st AAR uitE AYYT o o] E WEHS|
EA7E Fdo whAbE A Ho|EE it} wRAL §12 A
45 48 olg 2 %7)3L DirectXolA Assts Fd% o
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float4 refl = tex2D(SamplerRefl, reflcoord);
float4 refr = tex2D(SamplerRefr, refrcoord);

AGA whabsh A4 s AY wiste] wale] o @
A% e aga

refl = lerp(sky, refl, refl.a);
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t] Fresnel 302 HoE= o3t
g A 2 o3 A4S et €k Fresnel ¥
Gk Zo] AXbE
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¥

float dotVN = dot(IN.View, Normal);
float fresnel = RO + (1-R0O)*pow(1-max(dotVN, -dotVN), 5);

F7h2 gle] o] WAl wAANE ENE U
71 Ssh okelsh ol Wbk MElsh 9 wE ] YA o] &
s He AL Fobetel AF vtk Mg Agw

float4 sun = pow( SunStrength * pow( saturate( dot(vRefl,
vLight)),SunShininess)*float4(1.2, 04, 0.1, 1), 1/2.2);
return lerp(refr, refl, saturate(fresnel)) + sun;
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