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Blending  

ÅSimulating transparent materials 

ÅAlpha value, RGBA model 

ÅUsing alpha test ï fragment alpha value is tested 
against given constant 

ÅUsing blending of colors ï fragment color is 
blended with color from color buffer using alpha  

ÅSource of alpha ï texture, constant, shader, é 

ÅClassic blending 
ïglBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA) 
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Blending  
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Blending -  problems  

ÅOrdering of triangles (expensive?) 

ÅDepth buffer writing disabled  

ÅAlgorithm 
ïRender opaque objects 

ïDisable writing to depth buffer  

ïRender transparent objects with blending 

ÅUse alpha test 

ÅStill problem, normal blending is not additive  

ÅUse additive blending 
ïglBlendFunc(GL_SRC_ALPHA, GL_ONE) 
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ÅPart of multisample extension, for full screen 
antialiasing 

ïGL_ARB_multisample  

ïGLX_ARB_multisample 

ïWGL_ARB_multisample 

ÅSampling fragment multiple times (4x, 8x, )  

ÅAlpha to coverage -> alpha holds percentual 
number of covered samples 

ÅUsed when alpha represents coverage (grass, leafs) 

ÅglEnable(GL_SAMPLE_ALPHA_TO_COVERAGE_ARB) 

Alpha to coverage  
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Reflection & refraction  

ÅOptical properties on surface ï boundary 
between two substances 

ÅFresnel equations, Fresnel reflectance 

ÅSnellôs law 
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ri = 2*( l.n)* n - l  
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Fresnel reflectance  

ÅIntensity RF(ȅi) of reflected light based on angle ȅi  

ÅApproximation:  

ÅCharacteristic specular color RF(0Ü)  

ÅExample:  

ïCD box under small angle reflect small amount of light, 
cover under plastic is clearly visible 

ïCD box under large angle reflect large amount of light, 
cover under plastic is not visible 
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n-refractive factor  
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Planar reflections  

ÅLaw of reflection - states that the angle of 
incidence is equal to the angle of reflection 

ÅReflected geometry appears as geometry behind 
the reflector  
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Reflection -  geometry  

ÅDraw reflected object mirrored in relation to reflector  

ÅDraw reflector with blending  

ÅDraw object 

ÅRemove parts of mirrored object - stencil buffer 
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Reflection -  geometry  
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Refraction -  geometry  

ÅDraw refracted geometry with special rotate 
& scale transformation based on refraction 
factor 

ÅUse blending 
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Fuzzy reflection & refraction  

ÅAccumulation buffer ï jittering of mirror object  

ÅUsing fog for distance effect 
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Using textures  

ÅRendering to texture in several passes 

ÅRender scene from mirrored position ï 
reflections 

ÅRender scene from slightly changed 
position ï refractions 

ÅOptimalization - using clip plane, culling, é 

ÅñLooking through the glassò 
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Using textures  
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Environment mapping  

ÅReflection of objects with large distance from 
reflector 
ÅBest performance for curved surfaces 
ÅUsing texture to represent far reflected objects  
ïCube mapping 
ïSphere mapping 
ïDual paraboloid 
ïRendering on fly 
ïé 

ÅSkyboxes 
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Environment mapping  

ÅGenerate or load a two-dimensional image representing 
the environment.  

ÅFor each fragment that contains a reflective object, 
compute the normal at the location on the surface of the 
object.  

ÅCompute the reflected view vector from the view vector 
and the normal.  

ÅUse the reflected view vector to compute an index into 
the environment map that represents the incoming 
radiance in the reflected view direction.  

ÅUse the texel data from the environment map as 
incoming radiance.  
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Cube mapping  

ÅCube texture ï consists of 6 2D textures, POS_X, NEG_X, 
POS_Y, NEG_Y, POS_Z, NEG_Z 
ÅGL_ARB_texture_cube_map, OpenGL 1.3  
ÅGLSL 
ïsamplerCube ï cube texture 
ïtextureCube - fetches texel from cube map based on reflected 

vector in world coordinates 

ÅGetting cube map value for fragment  
ïThe coordinate of reflected vector with highest magnitude gives 

face 
ïRemaining two coordinates are divided by third and scaled to 

range [0,1]  
ïExample: (0.287, -0.944, 0.164) gives face NEG_Y, texture 

coordinates are s = (0.287/0.944*0.5) + 0.5, t = 
(0.164/0.944*0.5) + 0.5  
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Cube mapping -  GLSL 

uniform mat4 ModelWorld4x4; 
uniform vec3 CameraPos;   
       
void main()  
{   
 gl_Position = ftransform();    
  
 // Color map texture coordinates.  
 // Increase a little bit the tiling by 2.  
 gl_TexCoord[0] = gl_MultiTexCoord0 * 2.0;  
  
 mat3 ModelWorld3x3 = GetLinearPart( ModelWorld4x4 ); 
  
 // find world space position.  
 vec4 WorldPos = ModelWorld4x4 *  gl_Vertex;  
  
 // find world space normal.  
 vec3 N = normalize( ModelWorld3x3 * gl_Normal );  
  
 // find world space eye vector.  
 vec3 E = normalize( WorldPos.xyz - CameraPos.xyz );  
  
 // calculate the reflection vector in world space.  
 gl_TexCoord[1].xyz = reflect( E, N );  
}  
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uniform samplerCube cubeMap; 
uniform sampler2D colorMap; 
 
const float reflect_factor = 0.5;  
 
void main (void)  
{  
 vec4 output_color; 
  
 // Perform a simple 2D texture look up.  
 vec3 base_color = texture2D(colorMap, gl_TexCoord[0] .xy).rgb; 
  
 // Perform a cube map look up.  
 vec3 cube_color = textureCube(cubeMap, gl_TexCoord[1] .xyz).rgb; 
 
 // Write the final pixel.  
 gl_FragColor = vec4( mix( base_color, cube_color, reflect_factor), 1.0);  
}  

http://www.ozone3d.net/tutorials/  
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Cube mapping  
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Water rendering  

ÅRender reflection texture (local reflection)  

ÅRender refraction texture 

ÅAdd specular light from sun 

ÅAdd environmental map (global reflection)  

ÅTotal reflection is sum of reflection texture, 
sun and environmental map  

ÅUse Fresnel term to combine reflection and 
rippled refraction 
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Water rendering  
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Water rendering  
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Water ï HLSL shader  
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