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Single-Pass Multitexturing
void SetMultitexturSquareData() { // B7H4 . X
glGenBuffers(4, &vbol0]); (1,1) 0,0) u

glBindBuffer(GL_ARRAY_BUFFER, vbol[0]);
glBufferData(GL_ARRAY_BUFFER, 4*sizeof(gim:vec3), &quadVertices[0], GL_STATIC_DRAW);
glVertexAttribPointer(0, 3, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(0);

glBindBuffer(GL_ARRAY_BUFFER, vbol[1]);

glBufferData(GL_ARRAY_BUFFER, 4*sizeof(glm:vec3), &quadNormals[0], GL_STATIC_DRAW);
glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(1);

glBindBuffer(GL_ARRAY_BUFFER, vbo[2]);

glBufferData(GL_ARRAY_BUFFER, 4*sizeof(glm:vec2), &quadTextureCoords[0], GL_STATIC_DRAW
glVertexAttribPointer(2, 2, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(2);

glBindBuffer(GL_ARRAY_BUFFER, vbol[3]);

glBufferData(GL_ARRAY_BUFFER, 4*sizeof(glm:vec2), &quadTextureCoords[0], GL_STATIC_DRAW
glVertexAttribPointer(3, 2, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(3);

}

Single-Pass Multitexturing

o Bind and enable two 2D multitextures to draw a quad

// stage 0 activate
glActiveTexture(GL_TEXTUREO);
glBindTexture(GL_TEXTURE_2D, texture0);
// stage 1 activate
glActiveTexture(GL_TEXTURET);
glBindTexture(GL_TEXTURE_2D, texture1);
// draw multitexture square
drawSquare();

// texture disabled
glBindTexture(GL_TEXTURE_2D, 0);

Single-Pass Multitexturing

o GLSL fragment shader

uniform sampler2D gTextureSampler1, gTextureSampler2;
uniform int gModulate;

// Material properties

if (gModulate == 1)
MaterialDiffuseColor = texture2D(gTextureSampler1, TexCoordPass0).rgba *
texture2D(gTextureSampler2, TexCoordPass1).rgba;

else

MaterialDiffuseColor = texture2D(gTextureSampler1, TexCoordPass0).rgha +
texture2D(gTextureSampler2, TexCoordPass1).rgba;

vecd MaterialAmbientColor = gMaterialAmbientColor * MaterialDiffuseColor;
vec4 MaterialSpecularColor = gMaterialSpecularColor;




Multipass Multitexturing
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// first pass — 2t HAME AFESHY §LH2
glActiveTexture(GL_TEXTUREO);
glBindTexture(GL_TEXTURE_2D, texturelD1);
drawSquare();
// second pass — 2tO|EM HIAX et Rl HIANE SIS
glDepthFunc(GL_LEQUAL); // accept co-planar fragments
glEnable(GL_BLEND);
glBlendFunc(GL_ONE, GL_ONE); // Add Blending
glActiveTexture(GL_TEXTUREO);
glBindTexture(GL_TEXTURE_2D, texturelD2);
drawSquare();
glDepthFunc(GL_LESS);
glDisable(GL_BLEND);

Alpha Channel

o Alpha Channel Model
m Porter & Duff's “Compositing Digital Images”, SIGGRAPH'84
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glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
GLSL ¥} =3 g
Gvec4 result = vecd(gl_FragColor.a) * gl_FragColor + vec4(1.0 -
gl_FragColor.a) * pixel_color;
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// alpha blending - alphaOil 2|8 12|1X} St= EXo FHE AFH
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);

= R=A*R +(1-A)*R,
G=A*G, +(1-A)* G,
B=A *B, +(1-A)*B,
A=A *A +(1-A)*A,

// &, 22 alpha = 0.3

= R=03*R, +07*Ry
= G=03*G,+07*G,
= B=03*B, +07*B,
= A=03*A, +07*A,




Blending Functions

OpenGL Blending

Factor name

Computed Factor

GL_ZERO
GL_ONE

vec4(0.0)
vec4(1.0)

GL_SRC_ALPHA
GL_ONE_MINUS_SRC_ALPHA

vec4(gl_FragColor.a)
vec4(1.0 — gl_FragColor.a)

GL_DST_ALPHA
GL_ONE_MINUS_DST_ALPHA

pixel_color.a
vec4(1.0 — pixel_color.a)

GL_CONSTANT_ALPHA
GL_ONE_MINUS_CONSTANT_ALPHA

vecd(color.a)
vec4(1.0 — colora)

GL_SRC_COLOR
GL_ONE_MINUS_SRC_COLOR

gl_FragColor
vec4(1.0) - gl_FragColor

GL_DST_COLOR
GL_ONE_MINUS_DST_COLOR

pixel_color
vec4(1.0) - pixel_color

GL_CONSTANT_COLOR
GL_ONE_MINUS_CONSTANT_COLOR

color
vec4(1.0) — color

o 28l s
= glEnable(GL_BLEND)
o %?ill:l oI-A I—IOl

m glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
o [0, NYYe| Yozt =7t

m RGBA vec4(1, 0, 0, 0.5) // transparency 50% red
o 82 LOt7t = RGBA HIAKX O|O|X|E Ar2%t

Smooth-shaded Alpha

Time-Varying Alpha
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Texture Alpha

Chroma Keying
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Blending & Drawing Order

Blending & Drawing Order
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Backface Culling

Filtering
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= glEnable(GL_CULL_FACE)= =HX|2| =™ (backface)E 1Z2|&=
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: glBlendFunc(GL_ZERO, GL_SRC_ALPHA)
CccwW
2
Front face
4 3
glDisable(GL_CULL_FACE)  glEnable(GL_CULL_FACE) T Back face 2
Filtering Fog
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glBlendFunc(GL_ZERO, GL_SRC_COLOR);
glColor4f(1.0, 0.0, 0.5, 1.0);

// TH| ZHOo| MS H Mijnverted color)2 2 HbE
glBlendFunc(GL_ONE_MINUS_DST_COLOR, GL ZERO);
glColor4f(1.0, 1.0, 1.0, 1.0)
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Fog

SEA
o QIR 2UY B4

finalColor = FogFactor * fragmentColor + (1 - FogFactor) * fogColor

|.

o A5 &=

= void glFogifv(Glenum pname, TYPE param)

HEA == (fog factor) A
= Exponential

= Gaussian

= Linear (depth cueing)
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OpenGL Fog

O OpenGLO|A| AR 21t= HE Mt EHH (fragment) 2|
AO| e El= Zi‘?:l Srdol dr= "3 tHEt
HEXAOl AHE| gt A LhE.

GLfloat fcolor[4] = {1.0, 1.0, 1.0, 1.0}
glEnable(GL_FOG);
glFogi(GL_FOG_MODE, GL_LINEAR);
glFogf(GL_FOG_START, 5.0);
glFogf(GL_FOG_END, 40.0);
glFogfv(GL_FOG, fcolor);

OpenGL Fog Mode

AE A== (fog factor)

m Linear
glFogi(GL_FOG_MODE, GL_LINEAR);
GL_FOG_START, GL_FOG_END

= Exponential
glFogi(GL_FOG_MODE, GL_EXP);
GL_FOG_DENSITY

= Gaussian
glFogi(GL_FOG_MODE, GL_EXP2);
GL_FOG_DENSITY

GLfloat fcolor[4] = {1.0, 1.0, 1.0, 1.0}
glEnable(GL_FOG);
glFogi(GL_FOG_MODE, GL_EXP);
glFogf(GL_FOG_DENSITY, 0.5);
glFogfv(GL_FOG, fcolor);

OpenGL Fog Mode

struct FogParameters {
vec4 vFogColor; // Fog color
float fStart; float fEnd; // This is only for linear fog
float fDensity; // For exp and exp2 equation
int iEquation; // 0 = linear, 1 = exp, 2 = exp2
by
float getFogFactor(FogParameters params, float fFogCoord) {
float fResult = 0.0;
if(params.iEquation == 0)
fResult = (params.fEnd-fFogCoord)/(params.fEnd-params.fStart);
else if(params.iEquation == 1)
fResult = exp(-params.fDensity*fFogCoord);
else if(params.iEquation == 2)
fResult = exp(-pow(params.fDensity*fFogCoord, 2.0));
fResult = 1.0-clamp(fResult, 0.0, 1.0);
return fResult;




