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ASimuIating transparent materials
AAIpha value, RGBA model

AUsing alpha test1 fragment alpha value is tested
against given constant

AUsing blending of colors i fragment color is
blended with color from color buffer using alpha

ASourceofaphaTt exture, constan

A Classic blending
| g/BlendFunc(GL_SRC ALPHA, GL._ ONE MINUS SRC ALPHA
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Blending
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Blending - problems

AOrdering of triangles (expensive?)
ADepth buffer writing disabled ).
AAIgorithm \

| Render opaque objects
| Disable writing to depth buffer
| Render transparent objects with blending

AuUse alpha test
A siil problem, normal blending is not additive

AUse additive blending
| g/BlendFunc(GL_SRC ALPHA, GL._ONE)
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Alpha to coverage

APart of multisample extension, for full screen

antialiasing \ \

| GL_ARB_multisample o\ ° o\ °
| GLX_ARB_multisample \ ’ \ )
| WGL_ARB_multisample \ \

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

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

AUsed when alpha represents coverage (grass, leafs)
A glEnable(GL_SAMPLE ALPHA TO COVERAGE A
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Reflection & refraction

AOpticaI properties on surface i boundary
between two substances

AFresnel equations, Fresnel reflectance

Asnel |l 6s | 3 W K
n, sin(6;) = no sin(6;) [RAO)IL ;
) y 4 n-l
t = (w— k)N —nL, 2(n-yn
w = n(L . N), :
k = \/1+(w—n)(w+n)_
"= nl/’nz “'R’w"’]Si_niﬂL "' r=2*Ln)*n-|

sin“é,
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Fresnel reflectance

Alntensity RLé) of reflected light based on angle &
AApproximation: Rr(6:) = Rr(0°) + (1 — Rp(0°))(1 — cos6;)°.
A Characteristic specular color R{0U )

AExampIe:

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

| CD box under large angle reflect large amount of light,

cover under plastic is not visible [ Tr-09) winean)

] o Gold 1.00,0.71,0.29

n — )
n-refractive factor Rg(0°) = Silver 0-95,0.93,0.88
n-+1 Copper 0.95,0.64,0.54
_ _ Iron 0.56,0.57,0.58
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Planar reflections

A Law of reflection - states that the angle of
Incidence Is equal to the angle of reflection

A Reflected geometry appears as geometry behind

the reflector

reflected
geometry

angle of

incidence
angle of reflection

4
image
geometry 4
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Reflection - geometry

Draw ref
Draw ref

Too T>o o I

Remove

Mar t i

Draw obj

Real -time Graphics opengl.org

ected object mirrored In relation to reflector
ector with blending

ect

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

ADraw refracted geometry with special rotate
& scale transformatlon based on refraction
faCtor Hehe: SDL/OpenGL al,

Ause blending
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Fuzzy reflection & refraction

A Accumulation buffer 1 Jittering of mirror object
AUsing fog for distance effect

Paul Diefenbach
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Using textures

ARendering to texture in several passes

ARender scene from mirrored position |
reflections

ARender scene from slightly changed
position T refractions

AOptimaIization-usi ng clip pl
AﬁLooking t hrough 1t he
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Using textures

Original scene Feflected objects
Faflected scehna image Textured reflaction
projected onto reflactor and ariginal scene

Fignme 58, Masking Reflection: Uzing Projective Textune

@ Real -time Graphics opengl.org
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Environment mapping

A\ Reflection of objects with large distance from
reflector

ABest performance for curved surfaces

Using texture to represent far reflected objects
I Cube mapping

| Sphere mapping

| Dual paraboloid

| Rendering on fly viewer

| é @
ASkyboxes

projector function converts
reflected view vector (x,y,z)
to texture image (u,v)

reflective

surface environment

texture image
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Environment mapping

A Generate or load a two-dimensional Image representing
the environment.

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

A Compute the reflected view vector from the view vector
and the normal.

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

A Use the texel data from the environment map as
Incoming radiance.
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Cube mapping

A Cube texture i consists of 6 2D textures, POS_X, NEG_X,
POS_Y, NEG Y, POS Z,NEG Z

A GL ARB texture cube mapOpenGL 1.3
A GLSL

| samplerCubei cube texture

| textureCube - fetches texel from cube map based on reflected
vector in world coordinates

A Getting cube map value for fragment

I The coordinate of reflected vector with highest magnitude gives
face

I Remaining two coordinates are divided by third and scaled to
range [0,1]

I Example: (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; uniform samplerCube cubeMap;

niform sampler2D colorMap;
void main() Hniorm samp vap

{ . const float reflect_factor = 0.5;
gl_Position = ftransform(); -

id mai id
/I Color map texture coordinates. }/OI main (void)
/I Increase a little bit the tiling by 2.

) vec4 output_color;
gl_TexCoord[0] = gl_MultiTexCoord0* 2.0; Pt

/I Perform a simple 2D texture look up.

mat3 ModelWorld3x3 = GetlLinearPart( ModelWorld4x4 ); vec3 base_color = texture2D(colorMap, gl_TexCoord0] .xy).rgb;

/I find world space position.

Il Perf b look up.
vec4 WorldPos = ModelWorld4x4 * gl Vertex; erform a cube map 100% Up

vec3 cube_color = textureCube(cubeMap, gl_TexCoord1].xyz).rgb;

/I find world space normal. I Write the final pixel
vec3 N = normalize( ModelWorld3x3 * gl_Normal); gl_FragColor= vec4( mix( base_color, cube_color, reflect_factor), 1.0);

/I find world space eye vector.
vec3 E = normalize( WorldPos.xyz - CameraPos.xyz );

/I calculate the reflection vector in world space.
gl_TexCoord[1].xyz = reflect( E, N );

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

® Hyperion - [DEMO_Cube_Mapping, xmi]

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

ARender reflection texture (local reflection)
ARender refraction texture

AAdd specular light from sun

AAdd environmental map (global reflection)

ATotaI reflection 1s sum of reflection texture,
sun and environmental map

AUse Fresnel term to combine reflection and
rippled refraction
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Water rendering

Reflection Map Refraction Map

Valve
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Water rendering
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