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Single-Pass Multitexturing
void SetMultitexturSquareData() { // &7t =k.. X
glGenBuffers(4, &vbo[0]); (-1,1) 00) 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(gim:vec3), &quadNormals[0], GL_STATIC_DRAW);
glVertexAttribPointer(1, 3, GL_FLOAT, GL_FALSE, 0, 0);

glEnableVertexAttribArray(1);

glBindBuffer(GL_ARRAY_BUFFER, vbol[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 O activate
glActiveTexture(GL_TEXTUREO);
glBindTexture(GL_TEXTURE_2D, texture0);
// stage 1 activate
glActiveTexture(GL_TEXTUREL);
glBindTexture(GL_TEXTURE_2D, texturel);
// draw multitexture square
drawSquare();

// texture disabled
glBindTexture(GL_TEXTURE_2D, 0);

Single-Pass Multitexturing

o GLSL fragment shader

uniform sampler2D gTextureSamplerl, gTextureSampler2;
uniform int gModulate;

// Material properties

if (gModulate == 1)
MaterialDiffuseColor = texture2D(gTextureSamplerl, TexCoordPass0).rgba *
texture2D(gTextureSampler2, TexCoordPassl).rgba;

else

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

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




Multipass Multitexturing
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// first pass — 28t HIAHE AFESH X2 TF

glActiveTexture(GL_TEXTUREO);

glBindTexture(GL_TEXTURE_2D, textureID1);

drawSquare();

// second pass — 2tO|E HIANQ o HAKHE 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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ourceFactor * R, + DestinationFactor * Ry
= SourceFactor * G, + DestinationFactor * G4
= SourceFactor * B, + DestinationFactor * By
Source color (R, G, B)= =X|2| A4
Destination color (Ry, Gy, By)= Z|JAH | U= A
SourceFactor, DestinationFactor= glBlendFunc() &2 X|d%t
o glBlendFunc()gt=0| M M 0|= S&IT 4
= gt SAFS B
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);
GLSL n} g=algl
Gvec4 result = vec4(gl_FragColor.a) * gl_FragColor + vec4(1.0 -
gl_FragColor.a) * pixel_color;

Blending
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Alpha blending = A, * C, + (1 - A) * C

// alpha blending - alphaOf o|¢f 12| 1X} 3= EX o EHE A
glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA);

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

A=A *A +(L-A)*

// Z, & alpha = 0.3
R=03*R, +07*R,

= G=03*G,+07*Gy
= 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

vec4(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 =HE 245}
= glEnable(GL_BLEND)
o=dg g+ ol
m glBlendFunc(GL_SRC_ALPHA, GL_ONE_MINUS_SRC_ALPHA)
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m RGBA vec4(1, 0, 0, 0.5) // transparency 50% red
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Smooth-shaded Alpha

Time-Varying Alpha
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Texture Alpha

Chroma Keying
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Blending & Drawing Order

Blending & Drawing Order

o SAULL HxY 2| DX} 5t= SH|QF O|F0| 1247
=X2| :L% d2le —.r_—kl(drawmg orden’} &%
» S &=0| source color(EX| 12| DA} SH= SH| Q| A)Q}
destination color (0|0 12{%l =g mo| M)Z =83t
o 2rep £ot EIﬂS’-} =53¢ EHIE Zo| 22|t
oo, =R 8 FH HA 2 =0 28t A5 18 A
= Depth-buffering0| S3lY Mo AL == 3.:.

L =h

i d avie = -|

o 2Hef o2 Jiel Bt S M E £0| 22| 0A; SO,

=X (back-to-front order)2 :LE' A
= O] =M= 7t 2tel f[X[of 2shAM Hetd += AUS

o o 7fe| Rdet 2XZ #0| 18 I, MEZ 7IE|l=
A (occlusion)E 27| Q|8 M depth maskE H| &
» glDepthMask(GL_FALSE)E £3}0] Z!0|HHIHE read-onlyZ Ot

MGk

Lo

|.'<'5I-

O

=
=




Backface Culling

o Est 242 12 M= =M 32|7| (backface culling)
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m glEnable(GL_CULL_FACE)= EX4|2| =™ (backface)E 12|=
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glDisable(GL_CULL_FACE)  glEnable(GL_CULL_FACE)
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Filtering
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glBlendFunc(GL_ZERO, GL_SRC_ALPHA)

Filtering
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glBlendFunc(GL_ZERO, GL_SRC_COLOR);
glColor4f(1.0, 0.0, 0.5, 1.0);

/] A EHO| ME H M(inverted color) 2 2 HiE
glBlendFunc(GL_ONE_MINUS_DST_COLOR, GL_ZERO);
glColor4f(1.0, 1.0, 1.0, 1.0) g
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void glFogifv(Glenum pname, TYPE param)

o HE A+ (fog factor) A
= Exponential
= Gaussian
= Linear (depth cueing)
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OpenGL Fog
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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

o A2 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;




