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" OpenGL ' - $

glLoadldentity ();

glTranslatef (0.5,0.5,0); //
glScalef (0.5,05,1); /
glMultMatrixf ( projMat);  //

glMultMatrixf ( modelViewMat ); //

% " - GLSL:
I
vec4 projTexCoord = reflectionMatrix * waterVer

1
projTexCoord.xy += distortConstant * normal.xy;
vec4 texel = texture2DProj(reflectMap, pr

1
vec?2 texCoord = projTexCoord.xy / projTexCoord.
* normal.xy;

vecd texel = texture2D(reflectMap, texCoord)
x L0 $ -
$ $ !
+ n
$ 1
n n $
1 + n
1

vec3 reflect(vec3 vec, vec4 plane) {
return vec - 2 * (dot(vec, plane.xyz) - p

+ n

[-1,1]x[-1,1]
[0,1]x[0,1]

%

tex;

ojTexCoord);

w + distortConstant

lane.w) * plane.xyz;



}

vec3 position = reflect( masterCamera->getPo
waterPlane );

vec3 direction = reflect( masterCamera->getDi
vec4d(waterPlane.xyz, 0.0) );

vec3 up = reflect( masterCamera->getUp
vec4d(waterPlane.xyz, 0.0) );

I/l look_at -
reflectCamera.setViewMatrix( look_at(position
direction, up) );

" (GLSL):

vec4 projTexCoord = gl_ModelViewProjectionMat

sition().xyz(),
rection(),

0,

gluLookAt.
, position +

rix * waterVertex;

2.3!

I
I ' [-1,1]x[-1,1]. ,
I [0,1]x[0,1].
glTranslatef, glScalef
I
vec2 texCoord = 0.5 *.projTexCoord.xy/ projT exCoord.w +
vec2(0.5);
I/
1 oY ( up, ), OX (
)1
1 X.
texCoord.x = 1.0 - texCoord.x;
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vec4 localRefl = texture2D(reflectMap, reflectTexCo
vec3 gobalRefl = texCUBE(skybox, reflectVec);

vec3 color = mix(gobalRefl, localRefl.rgb, loca

.) GLSL-

ord.xy); /I
1

IRefl.a); //
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$ “The FFT on a GPU” Kenith Moreland & Edward Ange
) ' .- # o,
! - : N=8:

' . I # o API
+ .

renderTarget-  >SetDrawBuffer(0, pingPongTexture[0]);
renderTarget-  >SetDrawBuffer(1, pingPongTexture[1]);
BindRenderTarget(renderTarget);

int numlterations = (int)(log( (double)N ) / log(2. 0)+0.5) ;
fftProgram-  >Bind(); // # , $ % 5
sizeUniform-  >Set(N); // !

" &'

int curPing = 0;

directionUniform- >Set(1.0f, 0.0f); // ( &'
for(int i = 1; i <= numlterations; ++i)

inputUniform-> Set(0, pingPongTexture[curPing]); //
numiterationUniform ->Set(i); // (
curPing = lcurPing;



renderTarget->SetDrawBuffer(curPing); //
gridQuad->Draw(QUADS);

I &' !

directionUniform->Set(0.0f, 1.0f); //

for(int i = 1; i <= numiterations; ++i)

{
inputUniform->Set(0, pingPongTexture[curPing]);
numliterationUniform ->Set(i);
curPing = IcurPing;
renderTarget->SetDrawBuffer(curPing);
gridQuad->Draw(QUADS);

/ == Vertex Shader

#extension GL_EXT_gpu_shader4 : enable //

uniform vec2 viewport;
uniform vec2 direction; //
uniform float N; 1l !

#if GL_EXT_gpu_shader4
noperspective varying vec2 index;
noperspective varying float linearindex;
#else

varying vec2 index; /1
varying float linearindex; //
#endif

void main()

vec2 gridVertex = N * gl_Vertex.xy;

linearindex = gridVertex.x;

index = gridVertex.x * direction.xy + gri

gl_Position = vec4( 2.0 * (index.xy / N - vec2
}

/ Fragment Shader ===============

#extension GL_EXT_gpu_shader4 : enable
uniform sampler2D fftinput;

uniform vec2 direction;
uniform float N;
uniform float numPartitions; //

#if GL_EXT_gpu_shader4
noperspective varying vec2 index;
noperspective varying float linearindex;
#else

varying vec2 index;

varying float linearindex;

#endif

#define PI  3.141592653

RGBA32F
):

RGBA16F -

dVertex.y * direction.yx;

(0.5)), 0.0, 1.0);

N /27, i



#define PI_2 (2.0 * PI)

I
vec2 complex_mult(vec2 a, vec2 b)
{

return vec2(a.x*b.x - a.y*b.y, a.x*b.y + a.y*b.

}

I %%
vec2 W(float partitionSize, float X)

float angle = P1_2 * X / partitionSize;
return vec2( cos(angle), sin(angle) );

}

void main()

{

float k = floor(linearIndex / numPartitions);

/I fitindex = (ilndex +k*n) % N
vec? fftindex = index + direction * k * numPart
fftindex  -= floor(fftindex / N) * N;

1 ! %%
#if GL_EXT_gpu_shader4

vec4d He = texelFetch(fftinput, ivec2(fftindex),
%

vec4 Ho = texelFetch(fftinput, ivec2(fftindex +
numPartitions), 0);
#else

vecd He = texture2DLod(fftinput, fftindex / N,
%

vec4 Ho = texture2DLod(fftinput, (fftindex + di
N, 0.0);
#endif

i ! %% %
vec2 Wn = W(N / numPartitions, k);

vecd WHo = vecd( complex_mult(Wn, Ho.xy), co

Il vec4(H*W, H*W)
vec4 result = He + WHo;

I* , !

* + % !

* + 1

if ( numPartitions ==1.0)
Wn = W(N, -linearindex * N / 2.0);
result.xy = complex_mult(Wn, result.xy);
result.zw = complex_mult(Wn, result.zw);

¥

gl_FragColor =result; / H=He + W * Ho

34
+ $

X);

itions;

o); // ! !

direction *

0.0); // ! !

rection * numPartitions) /

mplex_mult(Wn, Ho.zw) );

| # GeForce 8800 GTX(Cory Quammen April 11, 2007). "$

GeForce 8800 GT,
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1D 16,384 1D 8,388,608 2D 1024 2D 2048
milliseconds  milliseconds milliseconds  milliseconds
GPUFFTW 169 198 200 288
CUDA 0.701 ? 6.781 32
Mitchell2003 ? ? 12.205 ?
Moreland2003 Cg error Cg error Cg error Cg error
Sumanaweera2005 pbuffer error pbuffer error pbudfesr pbuffer error
"% ? ? 12 47
$ 2& " " "$ | # GeForce 8800 GTX(GT)
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& b .
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* 1

normal = normalize( vec3(-slope.x, 1.0, -slope.y) )

(x,y,z) $ F(x,y,z) =0 _ .
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uniform sampler2D heightMap;

uniform float sharpness; I . $
uniform vec2 surfaceSize; 1
uniform vec3 surfaceCorners[4]; //

uniform vec4 lightPosition; //
uniform vec4 eyePosition; I !

uniform mat4 projectionMatrix;
uniform mat4 worldViewMatrix;
uniform mat4 reflectionMatrix; //

varying vec2 normalTexCoord;
varying vec2 reflectionTexCoord;
varying vec3 eyeDir;

varying vec3 lightDir;

varying vec3 fragmentPosition;

void main()

{
1 !
vec3 a = (surfaceCorners[2] - surfaceCorners[3] ) * gl_Vertex.y;
vec3 b = (surfaceCorners[1] - surfaceCorners[0] ) * gl_Vertex.y;
vec3 ¢ = mix(b, a, gl_Vertex.x);
vec3 d = (surfaceCorners[3] - surfaceCorners[0] ) * gl_Vertex.x;
vecd waterVertex = vec4(surfaceCorners[0] + ¢ + d, 1.0);
1
normalTexCoord = waterVertex.xz / surfaceSize;
" : : : $
vecsd texel = texture2D(heightMap, normal TexCoord);
float attenuation = min( pow(1.0 - gl_Vertex.y, 0.2), pow(1.0 -

abs(gl_Vertex.x - 0.5) * 2.0, 0.2) );
waterVertex.y = texel.x * attenuation;
waterVertex.xz -= sharpness * texel.zw * atte nuation;

1 ! ( )
eyeDir = waterVertex.xyz - eyePosition.xyz;
lightDir = waterVertex.xyz - lightPosition.xyz;

I ,
I I % % . , !
1 . ! . .
vecd projTexCoord = reflectionMatrix * waterVe rtex;
reflectionTexCoord = projTexCoord.xy / projTexC oord.w;
gl_Position = projectionMatrix * worldView Matrix * waterVertex;
1 %
fragmentPosition = vec3(gl_Position.xy / gl_Pos ition.w, gl_Position.w);
}
/ Fragment Shader =============/
uniform sampler2D depthMap; I 0 ! ,

uniform sampler2D normalMap; //

uniform sampler2D reflectMap;  // 0



uniform sampler2D refractMap; // 0
uniform samplerCube environmentMap; // 0 (skybox)

uniform float distanceAttenuation; // $

uniform float waterTransparency; //

uniform vec4 fogColor; 1 1
uniform vec4 lightSpecular; I *
I (
)
! .
I 2 2, !
I

uniform mat2 projectionMatrixinverse;

varying vec2 normalTexCoord;
varying vec2 reflectionTexCoord;
varying vec3 eyeDir;

varying vec3 lightDir;

varying vec3 fragmentPosition;

1 ! !
Il fragmentPosition - %
/Il texCoord - . ! ! .
float get_fragment_depth(sampler2D depthMap, vec2 f ragmentPosition, vec2
texCoord)

float depth = 2.0 * texture2D(depthMap, texCoor d).r- 1.0;

vec2 vec = projectionMatrixinverse * vec2(de pth, 1.0);

return -vec.x / vec.y;
}
void main()

const vec3 waterMinColor = vec3(0.0, 0.05, 0.15 );

const vec3 waterMaxColor = vec3(0.0, 0.1, 0.15 );

I (

vec3 eyeDirNorm = normalize(eyeDir);

vec3 normalNorm = 2.0 * ( texture2D(normalMap, normalTexCoord).rgb -
vec3(0.5) );

I ( ! , !

float distVval = exp(-fragmentPosition.z * dista nceAttenuation);

normalNorm = mix( vec3(0.0, 1.0, 0.0), norma INorm, pow(distVal, 10.0)
)i
#ifdef ENABLE_LIGHTING

1 $ & -

vec3 lightDirNorm = normalize(lightDir);

vec3 halfVecNorm = normalize(eyeDirNorm + ligh tDirNorm);

vec4 light = lightSpecular * pow( abs( d ot(halfVecNorm,
normalNorm) ), 16.0);

1 ! $ ,

gl_FragColor = light * pow(distVal, 10.0);
#else

1 ) !

float dotValue = dot(eyeDirNorm, normalNorm);



vec3 waterColor = mix( waterMinColor, waterMax

1 )
vec2 fragTexCoord = 0.5 * fragmentPosition.xy

#ifdef ENABLE_REFRACTIONS
{
I + %
vec2 distortTexCoord = fragTexCoord + norm

#ifdef ENABLE_DEPTH_MAP

float nonDistortDepth = get_fragment_depth(
fragmentPosition.xy, fragTexCoord);

float distortDepth = get_fragment_depth(
fragmentPosition.xy, distortTexCoord);

1 2%$$ % 13

float deltaDepth;

if (distortDepth > fragmentPosition.z) {
deltaDepth = distortDepth - fragmentPos

}

else

distortTexCoord = fragTexCoord;
deltaDepth = nonDistortDepth - fra

}
I !

float depthAttenuation = 1.0 / pow(1.0 + de
waterTransparency - 1.0);

I ,
vec4 refractColor = texture2D(refractMap, d

waterColor = mix(waterColor, refract
depthAttenuation * refractColor.a);
telse
vec4 refractColor = texture2D(refractMap, d
waterColor = mix(waterColor, refract
waterTransparency * refractColor.a);
#endif
}
#endif
1 %% '
float fresnel = clamp( pow(1.0 + dotValue,

vec3 reflectColor = textureCube( environmentMa
normalNorm) ).rgb;

#ifdef ENABLE_REFLECTIONS

{
1 +1
vec?2 distortTexCoord = reflectionTexCoord
vec4 localReflectColor = texture2DLod(refle
2.0).rgba;

reflectColor = mix(reflectColor,
localReflectColor.a);
}
#endif

I ,
waterColor = mix(waterColor, reflectColor, fres
waterColor = mix(fogColor.rgb, waterColor, dist

Color, abs(dotValue) );

%

+ vec2(0.5);

alNorm.xz * 0.02;

depthMap,

depthMap,

ition.z;

gmentPosition.z;

)

ItaDepth, 1.0/

istortTexCoord).rgba;
Color.rgb,

istortTexCoord).rgba;
Color.rgb,

4.0), 0.05, 0.3);
p, reflect(eyeDirNorm,

+ normalNorm.xz * 0.05;

ctMap, distortTexCoord,

localReflectColor.rgb,

nel);
Val);



gl_FragColor = vec4(waterColor, 1.0);
#endif

}
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