
Listing 1: Darstellung des Wasserbassins (Vertex Shader) 
 
#version 330 
precision highp float; 
 
#define ATTR_POSITION  0 
[...] 
#define ATTR_TEXCOORD7 9 
 
layout(location = ATTR_POSITION)  in vec4 gs_Vertex ; 
[...] 
layout(location = ATTR_TEXCOORD7) in vec4 gs_MultiT exCoord7; 
 
out vec4 gs_TexCoord[8]; 
 
uniform mat4 matWorldViewProjection; 
 
void main() 
{ 
    gl_Position    = matWorldViewProjection * gs_Ve rtex; 
    gs_TexCoord[0] = vec4(gs_Vertex.xyz, gl_Positio n.z); 
} 
 
 
Listing 2: Darstellung des Wasserbassins (Fragment Shader) 
 
#version 330 
 
precision highp float; 
 
in  vec4 gs_TexCoord[8]; 
out vec4 gs_FragColor[5]; 
 
void main() 
{ 
    gs_FragColor[0] = vec4(0.0, 0.0, 0.0, 1.0); 
 
    // SceneCameraSpacePosAndDepth: 
    gs_FragColor[1] = gs_TexCoord[0];  
 
    gs_FragColor[2] = vec4(0.0, 0.0, 0.0, 1.0); 
    gs_FragColor[3] = vec4(0.0, 0.0, 0.0, 1.0); 
    gs_FragColor[4] = vec4(0.0, 0.0, 0.0, 1.0); 
} 
Ende 
 
 
Listing 3: Eigenschaften einer Wasserfläche zwischenspeichern (Vertex Shader) 
 
#version 330 
precision highp float; 
 
#define ATTR_POSITION  0 
[...] 
#define ATTR_TEXCOORD7 9 
 
layout(location = ATTR_POSITION)  in vec4 gs_Vertex ; 
[...] 
layout(location = ATTR_TEXCOORD7) in vec4 gs_MultiT exCoord7; 
out vec4 gs_TexCoord[8]; 
 
uniform mat4 matWorldViewProjection; 
uniform mat4 matCamera; 
 
void main() 
{ 
    gl_Position = matWorldViewProjection * gs_Verte x; 
    vec4 Position = matCamera * gs_Vertex; 
    gs_TexCoord[0] = vec4(Position.xyz, gl_Position .z); 
} 
 
 
 
Listing 4: Eigenschaften einer Wasserfläche zwischenspeichern (Fragment Shader) 
 
#version 330 
precision highp float; 
 
in  vec4 gs_TexCoord[8]; 
out vec4 gs_FragColor; 
 
void main() 
{ 
    // SceneCameraSpacePosAndDepth: 
    gs_FragColor = gs_TexCoord[0]; 
} 
 
 
 



Listing 5: Deferred Water Rendering – Aufbau des Fragment Shaders 
 
void main() 
{ 
    vec4 SceneCameraSpacePosAndDepth =  
        max 
        ( 
            texture(SceneCameraSpacePosAndDepthText ure, gs_TexCoord[0].st), 
            texture 
            ( 
                SceneCameraSpacePosAndDepthTexture,  
                gs_TexCoord[0].st + 
                vec2(0.001, 0.001) 
            ) 
        ); 
 
    vec4 WaterCameraSpacePosAndDepth = texture(Wate rCameraSpacePosAndDepthTexture, gs_TexCoord[0].st);  
 
    // Sicherstellen, dass Hintergrundbilder (Sky-S phären, Billboards, etc.) 
    // wie weit entfernte Hintergrundobjekte behand elt werden können!  
    if(SceneCameraSpacePosAndDepth.w < 0.0) 
        SceneCameraSpacePosAndDepth.w = 10000000000 000.0; 
 
    vec3 WaterCameraSpacePos = WaterCameraSpacePosA ndDepth.xyz; 
    vec3 NormalizedWaterCameraSpacePos = normalize( WaterCameraSpacePos); 
 
    vec3 SceneWorldSpacePos = SceneCameraSpacePosAn dDepth.xyz + CameraPosition;  
 
    vec2 texCoord; 
 
    [Berechnung des 3D-Welleneffekts, Listing 6] 
 
    // Kamera sowie Szenenpixel über dem Wasser (Fa ll 1): 
    if(CameraPosition.y > correctedWaterSurfaceHeig ht && WaterDepth < 0.0) 
    { 
        gs_FragColor = texture(ScreenTexture, gs_Te xCoord[0].st); 
    } 
 
    else 
    { 
        [Berechnung der Wellen-Normalenvektoren, Listing 7]  
 
        // Kamera im Wasser: 
        if(CameraPosition.y < correctedWaterSurface Height) 
        { 
            // Szenenpixel befindet sich im Wasser (Fall 2): 
            if(WaterDepth > 0.0) 
            { 
                [Lichtabsorption des Wassers simuli eren, Listing 10] 
                [Unterwasser-Kaustiken berechnen, L isting 14]  
                vec4 ScreenColor = texture(ScreenTe xture, gs_TexCoord[0].st); 
                CausticsIntensity *= (max(ScreenCol or.x, max(ScreenColor.y, ScreenColor.z))); 
 
                // Wasserfarbe ohne Wellenbewegung!! 
                float diffuseIntensityWater = 0.35;  
 
                // Neuberechnung der Pixelfarbe: 
                gs_FragColor =  
                    vec4(DepthColorValues * depthDe pendedLightIntensity, 1.0) * 
                    ( 
                        CausticsColor *  
                        CausticsIntensity +  
                        ScreenColor 
                    ) + 
                    WaterColor *  
                    vec4(diffuseIntensityWater * In vDepthColorValues, 1.0); 
            } 
            // Kamera im Wasser, Szenenpixel über dem Wasser (F all 3): 
            else 
            { 
                WaterDepth = WaterSurfaceHeight-Cam eraPosition.y; 
                float diffuseIntensityWater = 0.35;  
 
                [Lichtabsorption des Wassers simuli eren, Listing 11] 
                [Refraktions/Verzerrungs-Effekt sim ulieren, Listing 15] 
                [spiegelnde Reflexionen auf der Was seroberfläche, Listing 9] 
                [Neuberechnung der Pixelfarbe (Kame ra im Wasser, Szenenpixel oberhalb) Listing 17]  
            } 
        } 
        // Kamera über dem Wasser, Wassertiefe größer null:  
        else if(WaterDepth > 0.0) 
        { 
            [Berechnung der lokalen Wasserspiegelun gen (Screen Space Reflections), Listing 8] 
            [spiegelnde Reflexionen auf der Wassero berfläche, Listing 9] 
            [Schaumkronen u. Brandung, Listing 13]  
 
            float InsideWaterViewDistance = SceneCa meraSpacePosAndDepth.w – WaterCameraSpacePosAndDept h.w; 
 
            float depthValueBlue =  



                min 
                ( 
                    1.0,  
                    max 
                    ( 
                        0.0, 
                        ( 
                            InsideWaterMaxViewDista nce – 
                            InsideWaterViewDistance  
                        ) * 
                        InsideWaterInvMaxViewDistan ce 
                    ) 
                ); 
 
            // Szenenpixel im Wasser in der Nähe der Kamera (Fa ll 4): 
            if(depthValueBlue > 0.0 && SceneCameraS pacePosAndDepth.w < 2000.0) 
            { 
                [Lichtabsorption des Wassers simuli eren, Listing 12] 
                [Refraktions/Verzerrungs-Effekt sim ulieren, Listing 16] 
                [Unterwasser-Kaustiken berechnen, L isting 14] 
                [Neuberechnung der Pixelfarbe (Kame ra über dem Wasser, Unterwasserpixel nahe der Kamer a), Listing 18]  
            } 
            // Szenenpixel im Wasser fernab der Kamera (Fall 5): 
            else 
            { 
                // Nebel- bzw. Dunst-Berechnungen: 
                float OneMinusHazeValue =  
                    max 
                    ( 
                        0.0, 
                        ( 
                            2000.0 - 
                            WaterCameraSpacePosAndD epth.w 
                        ) * 
                        0.0005 
                    ); 
                float HazeValue = 1.0 - OneMinusHaz eValue; 
 
                gs_FragColor =  
                    HazeValue * 
                    texture(BackgroundScreenTexture , gs_TexCoord[0].st) + 
                    OneMinusHazeValue *  
                    ( 
                        FoamColor +  
                        diffuseIntensity * 
                        ( 
                            WaterColor + 
                            ScreenSpaceReflectionCo lor +  
                            SpecularIntensity *  
                            vec4(LightColor.xyz, 1. 0) + 
                            EnvironmentSpecularInte nsity *  
                            EnvironmentLightColor 
                        ) 
                    ); 
            } 
        } 
        // Szenengeometrie außerhalb des Wassers (Fall 1): 
        else 
        { 
            gs_FragColor = texture(ScreenTexture, g s_TexCoord[0].st); 
        } 
    } 
} 
 
 
 
 
Listing 6: Berechnung des 3D-Welleneffekts 
 
float MaxCalculationStep; 
 
if(CameraPosition.y > WaterSurfaceHeight) 
{ 
    MaxCalculationStep = 10.0 * MaxWaveAmplitude; 
} 
else 
{ 
    MaxCalculationStep = -10.0 * MaxWaveAmplitude; 
} 
 
float ActualCalculationStep = 0.5 * MaxCalculationS tep; 
 
vec3 TestCameraSpacePos =  
    WaterCameraSpacePos- 
    ActualCalculationStep * NormalizedWaterCameraSp acePos; 
 
float testHeight = 0.0; 
vec3 TestWorldSpacePos; 
vec2 texCoordWaveSim; 



float PhaseAngle, cosPhaseAngle; 
 
for(int i = 0; i < 10; i++) 
{ 
    TestWorldSpacePos = TestCameraSpacePos + Camera Position; 
 
    texCoordWaveSim.x =  
        WaveValues.x * TestWorldSpacePos.x + 
        0.5; 
    texCoordWaveSim.y =  
        0.5 - 
        WaveValues.x * TestWorldSpacePos.z; 
 
    /* einfache Sinuswelle: 
    testHeight = NegWindVector.y*(sin(WaveFrontValu es.w+ 
    NegWindVector.x*TestWorldSpacePos.x+NegWindVect or.z*TestWorldSpacePos.z) + 
    WaveFrontValues.x*(2.0*texture(WaterHeightTextu re, texCoordWaveSim).x-1.0));*/  
 
    // zykloid (trochoid) ähnliche Welle: 
    PhaseAngle =  
        WaveFrontValues.w + 
        NegWindVector.x * TestWorldSpacePos.x + 
        NegWindVector.z * TestWorldSpacePos.z; 
 
    cosPhaseAngle = cos(PhaseAngle); 
 
    testHeight =  
        NegWindVector.y * 
        ( 
            sin 
            ( 
                PhaseAngle -  
                0.5 * cosPhaseAngle 
            ) + 
            WaveFrontValues.x * 
            ( 
                2.0 * texture(WaterHeightTexture, t exCoordWaveSim).x - 
                1.0 
            ) 
        ); 
 
    // Hinweise: 
    // NegWindVector.y und WaveFrontValues.x entspr echen den Wellenamplituden 
    // WaveFrontValues.w entspricht der Simulations zeit  
 
    ActualCalculationStep *= 0.5; 
 
    if((TestCameraSpacePos.y - WaterCameraSpacePos. y) < testHeight) 
    { 
        TestCameraSpacePos =  
            TestCameraSpacePos – 
            ActualCalculationStep * NormalizedWater CameraSpacePos; 
    } 
    else 
    { 
        TestCameraSpacePos =  
            TestCameraSpacePos + 
            ActualCalculationStep * NormalizedWater CameraSpacePos; 
    } 
} 
 
WaterCameraSpacePos = TestCameraSpacePos; 
vec3 WaterWorldSpacePos = WaterCameraSpacePos + Cam eraPosition; 
float correctedWaterSurfaceHeight = WaterSurfaceHei ght + testHeight; 
float WaterDepth = correctedWaterSurfaceHeight - Sc eneWorldSpacePos.y; 
 
 
 
 
 
Listing 7: Berechnung der Normalenvektoren einer Wasserfläche 
 
vec3 SurfaceNormal; 
float diffuseIntensity; 
float Height1, Height2, Height3, Height4; 
 
// Für ein Unterwasserpixel muss kein Wellen-Normal envektor berechnet werden, 
// sofern sich die Kamera ebenfalls Unterwasser bef indet:  
if(!(CameraPosition.y < correctedWaterSurfaceHeight  && WaterDepth > 0.0)) 
{ 
    // Zunächst einmal sorgen wir für ein wenig zusätzl iche Wellenbewegung: 
 
    float AdditionalWaveHeight =  
        WaveFrontValues.x * 
        ( 
            2.0 * 
            texture(WaterHeightTexture, texCoordWav eSim).x – 
            1.0 
        ); 



 
    Height1 =  
        2.0 *  
        texture 
        ( 
            WaterHeightTexture,  
            texCoordWaveSim + vec2(-WaterSurfaceNor malCalculationParameter.x, 0.0) 
        ).x - 
        1.0; 
    Height2 =  
        2.0 *  
        texture 
        ( 
            WaterHeightTexture,  
            texCoordWaveSim + vec2(WaterSurfaceNorm alCalculationParameter.x, 0.0) 
        ).x - 
        1.0; 
    Height3 =  
        2.0 *  
        texture 
        ( 
            WaterHeightTexture,  
            texCoordWaveSim + vec2(0.0, -WaterSurfa ceNormalCalculationParameter.x) 
        ).x - 
        1.0; 
    Height4 =  
        2.0 *  
        texture 
        ( 
            WaterHeightTexture,  
            texCoordWaveSim + vec2(0.0,  WaterSurfa ceNormalCalculationParameter.x) 
        ).x - 
        1.0; 
 
    if(WaterCameraSpacePosAndDepth.w < 500.0) 
    { 
        texCoordWaveSim *= 2.0; 
        Height1 +=  
            0.75 *  
            ( 
                2.0 *  
                texture 
                ( 
                    WaterHeightTexture,  
                    texCoordWaveSim + vec2(-WaterSu rfaceNormalCalculationParameter.x, 0.0) 
                ).x - 
                1.0 
            ); 
        Height2 +=  
            0.75 *  
            ( 
                2.0 * 
                texture 
                ( 
                    WaterHeightTexture,  
                    texCoordWaveSim + vec2(WaterSur faceNormalCalculationParameter.x, 0.0) 
                ).x - 
                1.0 
            ); 
        Height3 +=  
            0.75 *  
            ( 
                2.0 *  
                texture 
                ( 
                    WaterHeightTexture,  
                    texCoordWaveSim + vec2(0.0, -Wa terSurfaceNormalCalculationParameter.x) 
                ).x - 
                1.0 
            ); 
        Height4 +=  
            0.75 *  
            ( 
                2.0 * 
                texture 
                ( 
                    WaterHeightTexture,  
                    texCoordWaveSim + vec2(0.0, Wat erSurfaceNormalCalculationParameter.x) 
                ).x - 
                1.0 
            ); 
    } 
 
    texCoordWaveSim.x =  
        WaveValues.z *  
        WaterWorldSpacePos.x +  
        0.5; 
    texCoordWaveSim.y =  
        0.5 - 



        WaveValues.z * 
        WaterWorldSpacePos.z; 
 
    float phaseAngle =  
        WaveValues.w +  
        texCoordWaveSim.x * 
        NegWindVector.x – 
        texCoordWaveSim.y * 
        NegWindVector.z; 
 
    float tempFloat = sin(phaseAngle); 
    Height2 *= tempFloat; 
    Height4 *= tempFloat; 
 
    tempFloat = cos(phaseAngle); 
    Height1 *= tempFloat; 
    Height3 *= tempFloat; 
 
    /* Mithilfe des diffuseIntensity-Parameters sim ulieren wir die 
       Helligkeitsschwankungen der Wasserfläche. 
       Die zugrundeliegende Idee ist denkbar einfac h – Wellenberge 
       erscheinen heller als Wellentäler, da sie me hr Licht in Richtung 
       des Spielers reflektieren können:*/  
 
    float diffuseIntensity =  
        WaterSurfaceNormalCalculationParameter.z * 
        (Height1 + Height2 + Height3 + Height4); 
 
    vec2 heightSamplePos = vec2(TestWorldSpacePos.x  + 2.1, TestWorldSpacePos.z); 
    float WaveHeight1 =  
        WaveFrontValues.y *  
        ( 
            AdditionalWaveHeight + 
            WaveFrontValues.z *  
            sin 
            ( 
                WaveFrontValues.w + 
                NegWindVector.x * 
                heightSamplePos.x + 
                NegWindVector.z * 
                heightSamplePos.y 
            ) 
        ); 
 
    heightSamplePos =  
        vec2 
        ( 
            TestWorldSpacePos.x - 2.1,  
            TestWorldSpacePos.z 
        ); 
    float WaveHeight2 =  
        WaveFrontValues.y *  
        ( 
            AdditionalWaveHeight + 
            WaveFrontValues.z *  
            sin 
            ( 
                WaveFrontValues.w + 
                NegWindVector.x * heightSamplePos.x  + 
                NegWindVector.z * heightSamplePos.y  
            ) 
        ); 
 
    heightSamplePos =  
        vec2 
        ( 
            TestWorldSpacePos.x,  
            TestWorldSpacePos.z + 2.1 
        ); 
    float WaveHeight3 =  
        WaveFrontValues.y * 
        ( 
            AdditionalWaveHeight + 
            WaveFrontValues.z *  
            sin 
            ( 
                WaveFrontValues.w + 
                NegWindVector.x * heightSamplePos.x  + 
                NegWindVector.z * heightSamplePos.y  
            ) 
        ); 
 
    heightSamplePos =  
        vec2 
        ( 
            TestWorldSpacePos.x,  
            TestWorldSpacePos.z - 2.1 
        ); 
    float WaveHeight4 =  



        WaveFrontValues.y * 
        ( 
            AdditionalWaveHeight + 
            WaveFrontValues.z *  
            sin 
            ( 
                WaveFrontValues.w +  
                NegWindVector.x * heightSamplePos.x  + 
                NegWindVector.z * heightSamplePos.y  
            ) 
        ); 
 
    Height1 += WaveHeight1; 
    Height2 += WaveHeight2; 
    Height3 += WaveHeight3; 
    Height4 += WaveHeight4; 
 
    diffuseIntensity +=  
        NegWindVector.w *  
        (WaveHeight1 + WaveHeight2 + WaveHeight3 + WaveHeight4); 
 
    diffuseIntensity = 0.35 + diffuseIntensity; 
 
    // Berechnung des Wellen-Normalenvektors: 
    SurfaceNormal =  
        normalize 
        ( 
            vec3 
            ( 
                Height1 - Height2, 
                ( 
                    0.5 +  
                    0.025 *  
                    WaterCameraSpacePosAndDepth.w 
                ) * 
                WaterSurfaceNormalCalculationParame ter.w,  
                Height3-Height4 
            ) 
        ); 
} 
 
 
Listing 8: Berechnung der lokalen Wasserspiegelungen (Screen Space Reflections) 
 
vec4 ScreenSpaceReflectionColor = vec4(0.0, 0.0, 0. 0, 0.0); 
 
if(WaterCameraSpacePosAndDepth.w < ScreenSpaceRefle ctionRange) 
{ 
    vec3 ReflectionSurfaceNormal =  
        normalize 
        ( 
            vec3 
            ( 
                Height1 - Height2, 
                ( 
                    5.0 +  
                    0.025 *  
                    WaterCameraSpacePosAndDepth.w 
                ) *  
                WaterSurfaceNormalCalculationParame ter.w,  
                Height3-Height4 
            ) 
        ); 
 
    // gespiegelten Blickrichtungsvektor berechnen: 
    vec3 ReflectionVector; 
    vec3 ReflectionDirection = reflect(NormalizedWa terCameraSpacePos, ReflectionSurfaceNormal); 
 
    float tempDot = dot(ReflectionDirection, Reflec tionSurfaceNormal); 
 
    float distanceStep = 7.0 / max(0.6, tempDot * t empDot); 
    float actualDistanceStep = 0.5 * distanceStep; 
 
    vec4 Projection; 
    float InvW; 
    float ReflectionvectorTexY; 
    float ReflectionvectorTexX; 
    vec3 diffVector; 
    vec4 TestSceneCameraSpacePosAndDepth; 
    float DistancSq; 
    float distanceTestFactor = 1.0; 
    int i; 
 
    for(i = 0; i < 10; i++) 
    { 
        // neue Ray-Marching-Position berechnen: 
        ReflectionVector =  
            WaterCameraSpacePos + 
            actualDistanceStep *  



            ReflectionDirection; 
 
        actualDistanceStep += distanceStep; 
 
        Projection =  
            matViewProjection *  
            vec4(ReflectionVector, 0.0); 
 
        InvW = 1.0 / Projection.w; 
        ReflectionvectorTexY =  
            0.5 * 
            Projection.y * 
            InvW + 
            0.5; 
        ReflectionvectorTexX =  
            0.5 * 
            Projection.x * 
            InvW + 
            0.5; 
 
        TestSceneCameraSpacePosAndDepth =  
            texture 
            ( 
                SceneCameraSpacePosAndDepthTexture,  
                vec2(ReflectionvectorTexX, Reflecti onvectorTexY) 
            ); 
 
        // quadratischen Abstand zwischen der aktue llen Ray-Marching-Position 
        // und der Szenengeometrie ermitteln:  
        diffVector = TestSceneCameraSpacePosAndDept h.xyz - ReflectionVector; 
        DistancSq = dot(diffVector, diffVector); 
 
        // Schnittpunkt gefunden? 
        if(DistancSq < 16.0*distanceTestFactor) 
        { 
            break; 
        } 
 
        // Genauigkeit des Schnittpunkttests nach j edem 
        // Testdurchlauf ein wenig vergrößern:  
        distanceTestFactor *= 1.1; 
    } 
 
    // Falls kein Schnittpunkt gefunden wurde, spie geln wir 
    // stattdessen einfach den Szenenhintergrund:  
    if(i == 10) 
    { 
        Projection =  
            matViewProjection *  
            vec4(ReflectionDirection, 0.0); 
        InvW = 1.0 / Projection.w; 
        ReflectionvectorTexY =  
            0.5 * 
            Projection.y * 
            InvW + 
            0.5; 
        ReflectionvectorTexX =  
            0.5 * 
            Projection.x * 
            InvW + 
            0.5; 
    } 
 
    // Intensität der Spiegelung in Abhängigkeit vo n den 
    // gefundenen Texturkoordinaten berechnen:  
    float DTexX = 2.0 * ReflectionvectorTexX - 1.0;  
    float DTexY = 2.0 * ReflectionvectorTexY - 1.0;  
 
    float intensity =  
        1.0 / 
        inversesqrt 
        ( 
            inversesqrt 
            ( 
                1.0 / 
                ( 
                    0.01 +  
                    DTexX * DTexX +  
                    DTexY * DTexY 
                ) 
            ) 
        ); 
    //float intensity = sqrt(sqrt(0.01+DTexX*DTexX + DT exY*DTexY)); 
 
    intensity =  
        max 
        ( 
            1.0 - intensity,  
            0.0 



        ) *  
        min 
        ( 
            1.0, 
            ScreenSpaceReflectionIntensity / WaterC ameraSpacePosAndDepth.w 
        ); 
 
    ScreenSpaceReflectionColor =  
        intensity *  
        texture 
        ( 
            ScreenTexture, 
            vec2(ReflectionvectorTexX, Reflectionve ctorTexY) 
        ); 
} 
 
 
 
Listing 9: spiegelnde Reflexionen auf der Wasseroberfläche (nach Phong) 
 
// spiegelnde Reflexion des Umgebungslichts: 
float EnvironmentSpecularIntensity =  
    max 
    ( 
        -dot 
        ( 
            2.0 *  
                dot(SurfaceNormal, EnvironmentNegLi ghtDir) * 
                SurfaceNormal - 
                EnvironmentNegLightDir,  
            NormalizedWaterCameraSpacePos 
        ),  
        0.0 
    ); 
 
// spiegelnde Reflexion des Sonnenlichts: 
float SpecularIntensity =  
    max 
    ( 
        -dot 
        ( 
            2.0 * 
                dot(SurfaceNormal, NegLightDir) * 
                SurfaceNormal – 
                NegLightDir,  
            NormalizedWaterCameraSpacePos 
        ),  
        0.0 
    ); 
SpecularIntensity = pow(SpecularIntensity, LightCol or.w); 
 
 
 
 
Listing 10: Lichtabsorption des Wassers (Kamera u. Szenenpixel im Wasser) 
 
float depthValueBlue =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0, 
            ( 
                InsideWaterMaxViewDistance – 
                SceneCameraSpacePosAndDepth.w 
            ) * 
            InsideWaterInvMaxViewDistance 
        ) 
    ); 
 
float depthValueGreen =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0,  
            depthValueBlue *  
            ( 
                1.0 – 
                SceneCameraSpacePosAndDepth.w * 
                RelativeAbsorbtionCoeffGreen 
            ) 
        ) 
    ); 
 
float depthValueRed =  
    min 



    ( 
        1.0,  
        max 
        ( 
            0.0,  
            depthValueBlue *  
            ( 
                1.0 – 
                SceneCameraSpacePosAndDepth.w * 
                RelativeAbsorbtionCoeffRed 
            ) 
        ) 
    ); 
 
float depthDependedLightIntensity =  
    min 
    ( 
        1.0, 
        InvDepthDependedLightIntensityDecrease / 
        (WaterSurfaceHeight - CameraPosition.y) 
    ); 
 
vec3 DepthColorValues =  
    vec3 
    ( 
        depthValueRed * depthValueRed, 
        depthValueGreen * depthValueGreen,  
        depthValueBlue * depthValueBlue 
    ); 
 
vec3 InvDepthColorValues =  
( 
    vec3(1.0) - 
    DepthColorValues 
) *  
depthDependedLightIntensity; 
 
 
 
 
Listing 11: Lichtabsorption des Wassers (Kamera im Wasser, Szenenpixel oberhalb) 
 
float depthValueBlue =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0, 
            ( 
                InsideWaterMaxViewDistance – 
                WaterCameraSpacePosAndDepth.w 
            ) * 
            InsideWaterInvMaxViewDistance 
        ) 
    ); 
 
float depthValueGreen =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0,  
            depthValueBlue *  
            ( 
                1.0 – 
                WaterCameraSpacePosAndDepth.w * 
                RelativeAbsorbtionCoeffGreen 
            ) 
        ) 
    ); 
 
float depthValueRed =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0,  
            depthValueBlue * 
            ( 
                1.0 – 
                WaterCameraSpacePosAndDepth.w * 
                RelativeAbsorbtionCoeffRed 
            ) 
        ) 
    ); 
 



float depthDependedLightIntensity =  
    min 
    ( 
        1.0, 
        InvDepthDependedLightIntensityDecrease / (W aterSurfaceHeight - CameraPosition.y) 
    ); 
 
vec3 DepthColorValues =  
    vec3 
    ( 
        depthValueRed * depthValueRed, 
        depthValueGreen * depthValueGreen,  
        depthValueBlue * depthValueBlue 
    ); 
 
vec3 InvDepthColorValues =  
( 
    vec3(1.0) - 
    DepthColorValues 
) * 
depthDependedLightIntensity; 
 
// Helligkeitsabnahme mit zunehmender Wassertiefe: 
DepthColorValues *= depthDependedLightIntensity; 
 
 
 
 
Listing 12: Lichtabsorption des Wassers (Kamera über dem Wasser) 
 
float depthValueBlue =  
    min 
    (  
        1.0,  
        max 
        ( 
            0.0, 
            ( 
                InsideWaterMaxViewDistance – 
                InsideWaterViewDistance 
            ) * 
            InsideWaterInvMaxViewDistance 
        ) 
    ); 
 
float depthValueGreen =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0,  
            depthValueBlue *  
            ( 
                1.0 – 
                InsideWaterViewDistance *  
                RelativeAbsorbtionCoeffGreen 
            ) 
        ) 
    ); 
 
float depthValueRed =  
    min 
    ( 
        1.0,  
        max 
        ( 
            0.0,  
            depthValueBlue *  
            ( 
                1.0 – 
                InsideWaterViewDistance *  
                RelativeAbsorbtionCoeffRed 
            ) 
        ) 
    ); 
 
vec3 DepthColorValues =  
    vec3 
    ( 
        depthValueRed * depthValueRed, 
        depthValueGreen * depthValueGreen,  
        depthValueBlue * depthValueBlue 
    ); 
 
vec3 InvDepthColorValues = vec3(1.0) - DepthColorVa lues; 
 
 
 



 
Listing 13: Schaumkronen u. Brandung (Kamera über dem Wasser) 
 
// Texturkoordinaten für die Schaumkronen-Darstellu ng: 
vec2 texCoordFoam; 
texCoordFoam.x =  
    WaveValues.y *  
    WaterWorldSpacePos.x + 
    0.5; 
texCoordFoam.y =  
    0.5 –  
    WaveValues.y * 
    WaterWorldSpacePos.z; 
texCoordFoam +=  
    WaterSurfaceNormalCalculationParameter.y * 
    vec2(SurfaceNormal.x, SurfaceNormal.z); 
 
vec4 FoamColor =  
    max 
    ( 
        max 
        ( 
            0.0,  
            CoastalFoamIntensity *  
            ( 
                1.0 – 
                WaterDepth /  
                MaxDepthForCoastalFoam 
            ) 
        ), 
        WaveFoamIntensity *  
        max 
        ( 
            0.0, 
            ( 
                diffuseIntensity –  
                WaveFoamHeightValue 
            ) 
        ) 
    ) * 
    min 
    ( 
        1.0,  
        4.0 / WaterCameraSpacePosAndDepth.w 
    ) * 
    EnvironmentLightColor * 
    texture(FoamTexture, texCoordFoam); 
 
// Intensität der spiegelnden Reflexion abschwächen  
// (die Schaumkronen vermindern die Lichtreflexion! )  
 
float FoamBasedIntensityDecrease = max(0.0,(1.0-Foa mColor.x)); 
// Hinweis: Schaumkronen sind normalerweise weiß - daher ist es egal, 
// welchen Farbkanal wir nutzen!  
 
FoamBasedIntensityDecrease *= FoamBasedIntensityDec rease* 
FoamBasedIntensityDecrease; 
SpecularIntensity *= FoamBasedIntensityDecrease; 
 
 
 
 
Listing 14: Unterwasser-Kaustiken 
 
vec2 texCoordCaustics; 
texCoordCaustics.x =  
    CausticsValues.x *  
    SceneWorldSpacePos.x +  
    0.5; 
texCoordCaustics.y =  
    0.5 –  
    CausticsValues.x *  
    SceneWorldSpacePos.z; 
 
vec2 CausticsMovementTexCoord =  
    vec2 
    ( 
        CausticsValues.w * NegWindVector.x,  
        -CausticsValues.w * NegWindVector.z 
    ); 
 
float CausticsIntensity = 
    texture 
    ( 
        WaterHeightTexture,  
        TexCoordCaustics + CausticsMovementTexCoord  
    ).x + 
    texture 
    ( 



        WaterHeightTexture, 
        1.5 * texCoordCaustics – CausticsMovementTe xCoord 
    ).x –  
    1.0; 
 
CausticsIntensity =  
    Clamp 
    ( 
        1.0 - abs(CausticsIntensity),  
        0.0,  
        1.0 
    ); 
CausticsIntensity *= CausticsIntensity * CausticsIn tensity; 
CausticsIntensity *= CausticsIntensity * CausticsIn tensity; 
CausticsIntensity *= CausticsValues.y; 
 
 
 
Listing 15: Refraktions-Effekt (Kamera im Wasser) 
 
// Verzerrungen der Szenengeometrie oberhalb des Wa sserspiegels mithilfe 
// von modifizierten Texturkoordinaten (ModifiedTex Coord) simulieren:  
float modificationValue =  
    1.0 -  
    max 
    ( 
        0.0, 
        ( 
            InsideWaterMaxViewDistance – 
            SceneCameraSpacePosAndDepth.w +  
            WaterCameraSpacePosAndDepth.w 
        ) * 
        InsideWaterInvMaxViewDistance 
    ); 
 
vec2 ModifiedTexCoord =  
    gs_TexCoord[0].st + 
    modificationValue *  
    WaterSurfaceNormalCalculationParameter.y * 
    vec2(SurfaceNormal.x, SurfaceNormal.z); 
 
 
 
 
Listing 16: Refraktions-Effekt (Kamera über dem Wasser) 
 
// Verzerrungen der Unterwasser-Szenengeometrie mit hilfe 
// von modifizierten Texturkoordinaten (ModifiedTex Coord) simulieren:  
vec2 ModifiedTexCoord =  
    gs_TexCoord[0].st + 
    InvDepthColorValues.b *  
    WaterSurfaceNormalCalculationParameter.y * 
    vec2(SurfaceNormal.x, SurfaceNormal.z); 
 
 
 
 
Listing 17: Pixelfarbe (Kamera im Wasser, Szenenpixel oberhalb) 
 
// Texturkoordinaten für die Schaumkronen-Darstellu ng: 
vec2 texCoordFoam; 
texCoordFoam.x =  
    WaveValues.y *  
    WaterWorldSpacePos.x +  
    0.5; 
texCoordFoam.y =  
    0.5 –  
    WaveValues.y *  
    WaterWorldSpacePos.z; 
texCoordFoam +=  
    WaterSurfaceNormalCalculationParameter.y *  
    vec2(SurfaceNormal.x, SurfaceNormal.z); 
 
gs_FragColor =   
    max 
    ( 
        max 
        ( 
            0.0,  
            0.5 * (1.0 – WaterDepth / MaxDepthForCo astalFoam) 
        ), 
        testHeight *  
        min(1.0, 50.0 / WaterCameraSpacePosAndDepth .w) 
    ) * 
    EnvironmentLightColor *  
    vec4(DepthColorValues, 1.0) * 
    texture(FoamTexture, texCoordFoam) +  
    vec4(DepthColorValues, 1.0) * 
    ( 



        diffuseIntensity *  
        SpecularIntensity *  
        vec4(LightColor.xyz, 1.0) + 
        DiffuseIntensity *  
        EnvironmentSpecularIntensity *  
        EnvironmentLightColor 
    ) + 
    vec4(DepthColorValues, 1.0) *  
    texture(ScreenTexture, ModifiedTexCoord) +  
    WaterColor *  
    vec4(diffuseIntensityWater * InvDepthColorValue s, 1.0); 
 
 
 
 
Listing 18: Pixelfarbe (Kamera über dem Wasser, Unterwasserpixel nahe der Kamera) 
 
vec4 ScreenColor = texture(ScreenTexture, ModifiedT exCoord); 
CausticsIntensity *=  
    FoamBasedIntensityDecrease *  
    ( 
        max 
        ( 
            ScreenColor.x,  
            max(ScreenColor.y, ScreenColor.z) 
        ) 
    ); 
ScreenColor *= FoamBasedIntensityDecrease; 
float OneMinusHazeValue =  
    max 
    ( 
        0.0,  
        (2000.0-WaterCameraSpacePosAndDepth.w) * 0. 0005 
    ); 
float HazeValue = 1.0 - OneMinusHazeValue; 
gs_FragColor =  
    HazeValue * texture(BackgroundScreenTexture, gs _TexCoord[0].st) + 
    OneMinusHazeValue *  
    ( 
        FoamColor + vec4(DepthColorValues, 1.0) * 
        ( 
            CausticsColor * CausticsIntensity+Scree nColor) + 
            DiffuseIntensity * (vec4(InvDepthColorV alues, 1.0) * WaterColor + 
            ScreenSpaceReflectionColor + SpecularIn tensity * vec4(LightColor.xyz, 1.0) + 
            EnvironmentSpecularIntensity * Environm entLightColor 
        ) 
    ); 


