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Cube Map

e {AsAu environment map uuumnid
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Cube Map 1u OpenGL

sn@ansald cube map lu OpenGL 14swus OpenGL
nafiu 1.3

faqld extension da EXT texture cube map

wurgANIat@eullsunsule Windows azgagld
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msa319 Cube Map
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* JdumauAauiuN1aEe texture s35umn

— Enable n13l4 cube map
— a519 handle 1as cube map éaa glGenTextures
— vinnng bind cube map nassau

— Download siiildvin cube map awg GPU



Enable msle Cube Map

glEnable (GL_TEXTURE_CUBE_MAP_EXT) ;
¢ LazeHiANd
ngisable (GL_TEXTURE_CUBE_MAP_EXT) ;

nawldanu texture wuvau



msa319 Handle vea Cube Map

* HuURLNALNITAINY texture ausdastseniAsaulslssinn
GLunit weldiiuzeaas cube map

GLuint cubeMap;
* pasaniuld glGenTextures ais texture suilns

glGenTextures (1, &cubeMap)



Bind Cube Map Hathai

e 4 glBindTexture lnald target 1
GL TEXTURE_CUBE_MAP_EXT

glBindTexture (GL TEXTURE CUBE MAP EXT,
cubeMap)



Download ;1

e liads glTexlmage2D wsa gluBuild2DMipmaps
wa download gildwias wsiesias download gildanuau
yiauua 6 gUduiu 6 AuaesgnuIAl

* annmszydnaz download gurassnulnuladaanisssy
target vnsmdsrivanssslualasutiisald



Target dwiu Download g1

GL_TEXTURE_CUBE_MAP_POSITIVE_X_EXT

U7

GL_TEXTURE_CUBE_MAP_NEGATIVE_X_EXT Ggﬁ’] e|
GL_TEXTURE_CUBE_MAP_POSITIVE_Y_EXT 1114
GL_TEXTURE_CUBE_MAP_NEGATIVE_Y_EXT @I’N
v

GL_TEXTURE_CUBE_MAP_POSITIVE_Z_EXT 194

GL_TEXTURE_CUBE_MAP_NEGATIVE_Z EXT
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e puaFreridu loadCubeMapSide 13é145u download
slidn s unilaaas cube map Tnaivun

— Target #iaz download sulasly

— Tia lWA09g1iu

* loadCubeMapSide 14 DevIL lunsasiayagiaanuiain
na



loadCubeMapSide

vold loadCubeMapSide (GLuint target,
const char *imageName)

ILuint image;

11GenImages (1, &image);

11BindImage (1image) ;

ilLoadImage ((wchar t *)imageName) ;
ilConvertImage (IL RGB, IL UNSIGNED BYTE)

gluBuildZDMipmaps (target,
1lGetInteger (IL IMAGE BPP),
ilGetInteger (IL IMAGE WIDTH)

4
ilGetInteger (IL IMAGE HEIGHT),
ilGetInteger (IL IMAGE FORMAT),

GL UNSIGNED BYTE,
11GetDhata ());
1lDeleteImages (1, &image);
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initCubeMap

void initCubeMap ()

{
glEnable (GL_TEXTURE CUBE _MAP EXT);
glGenTextures (1, &cubeMap):;
glBindTexture (GL_TEXTURE CUBE MAP EXT, cubeMap);

glTexParameteri (GL_TEXTURE CUBE MAP EXT, GL TEXTURE WRAP S, GL CLAMP);
GL_TEXTURE CUBE MAP EXT, GL TEXTURE WRAP T, GL CLAMP);
GL_TEXTURE CUBE MAP EXT, GL TEXTURE MAG FILTER, GL_ LINEAR);

glTexParameteri (GL_TEXTURE CUBE MAP EXT, GIL TEXTURE MIN FILTER, GL LINEAR MIPMAP LINEAR);

glTexParameteri

glTexParameteri

(
(
(
(

loadCubeMapSide (GL TEXTURE CUBE MAP POSITIVE X EXT, "../images/cm right.jpg");
loadCubeMapSide (GL TEXTURE CUBE MAP NEGATIVE X EXT, "../images/cm left.jpg");
loadCubeMapSide (GL TEXTURE CUBE MAP POSITIVE Y EXT, "../images/cm top.jpg");
loadCubeMapSide (GL TEXTURE CUBE MAP NEGATIVE Y EXT, "../images/cm bottom.jpg");
loadCubeMapSide (GL TEXTURE CUBE MAP POSITIVE Z EXT, "../images/cm front.jpg");
loadCubeMapSide (GL TEXTURE CUBE MAP NEGATIVE Z EXT, "../images/cm back.jpg");

glDisable (GL_TEXTURE CUBE_MAP EXT) ;
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* a¥ “skybox” viranaasnigUiasin denseudngld

e i fragment usiaz fragment liAunniiAnieinasn
Aunannen ldgsanunisans fragment uwaazviauaanld

o Tihiianneanlaldeudeyaain cube map
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msda3nnszanlu OpenGL

* Inenlnfudnaiazaudeyaain cube map wiazsesld

texture coordinate 3 1 asanniAnadunenielugd
G

* anunmnuuairnslaessiands glTexCoord3d

* uwiaz component wasiiAnisazuAtsiaws -1 f9 1

— 1314 0 D9 1 wilawiu texture coordinate aw



msda3nnszanlu OpenGL

* Texture coordinate nagldiawsane s, t, waz r

¢ aunsndald OpenGL a5 texture coordinate 14
e n ol dEn s &s
glEnable(GL_TEXTURE_GEN ?)

— Hreenliaing s WinesnludAnds

glEnable(GL_TEXTURE_GEN _S);

— tagnlraine t Wilnaanludfmngs

glEnable(GL_TEXTURE_GEN T);



msda3nnszanlu OpenGL

* uananudesiasuandiadiarliiai1s texture coordinate iuuvla
sauAnds glTexGeni

* lunItinn94519NIZaAnIINAR9&Y

glTexGen1 (GL S, GL TEXTURE GEN MODE,
GL REFLECTION MAP _EXT);

glTexGen1i (GL T, GL TEXTURE GEN MODE,
GL REFLECTION MAP _EXT);

glTexGen1 (GL R, GL TEXTURE GEN MODE,
GL REFLECTION MAP _EXT);
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void display ()

{
glEnable (GL TEXTURE CUBE MAP EXT) ;

glTexGeni (GL S, GL TEXTURE GEN MODE,
GL_REFLECTION MAP EXT);

glTexGeni (GL T, GL TEXTURE GEN MODE,
GL_REFLECTION MAP EXT) ;

glTexGeni (GL R, GL TEXTURE GEN MODE,
GL_REFLECTION MAP EXT);

glEnable (GL TEXTURE GEN S);
glEnable (GL TEXTURE GEN T);
glEnable (GL TEXTURE GEN R);

glutSolidSphere (1.5, 50, 50);

glutSwapBuffers () ;
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msls Cube Map 1u GLSL

* GLSL Wildaunsnilsznas uniform parameter iszinm
samplerCube lushader 14 wu

uniform samplerCube env map;

vold main ()

{



msls Cube Map 1u GLSL

* nataudeyaain cube map Wildrds texureCube Tne

— Parameter sausnidusauilsdszinn samplerCube

— Parameter sanaaafluadszinn vec3
* [NALNY

color = textureCube (env, vec3(1,0,0));



msls Cube Map 1u GLSL

* futlsdszinn vec3 m?ﬂmﬂmmmumLﬁmwuwmﬂmmm
NnAag Tt [-1,1]

o Afiduldain cube map AeruesdianfiinainnisieXid
annam (0,0,0) L ufiAmnainvundoesauls vec3 7
Wardu textureCube lusian m@@mﬂmﬁﬂmmmmqmu
@m@wmwmm@uﬂﬂmqmﬁ an (0,0,0)



msls Cube Map 1u GLSL
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* i vertex program siuand
— sunidsli world space aasus fragment
— Normal 1w world space usiaz fragment

* % fragment program susunisaasmn

* uanli fragment program mAunmn

— NAAFAANINNITE ST R ULAITURARNAULAIRINAT LHUN9 ISR uLsuas
fragment
— Wwneesnenenlallaudann cube map



Vertex Program amsuiingzan

varying vec3 normal;

varylng vec3 position;

volid main ()
{
gl Position = ftransform();
position = (gl ModelViewMatrix * gl Vertex) .xyz;

normal = (gl NormalMatrix * gl Normal) .xyz;



Vertex Program amsuiingzan

AANNUWNNTRNALLT

— position liiuauumidslu world space

— normal Miiunnwmasseainle world space

nanaullsunsunien C daannls modelview matrix
1w model 1ag7 ennlalaanisan view matrix ldaasdn
fu projection matrix (wiauluaunuan)



Fragment Program awsuiinszan

uniform vec3 eye position;
uniform samplerCube env;

varyilng vec3 position;
varying vec3 normal;

vold main ()

{

vec3 n = normalize (normal) ;
vec3 eye to point =

normalize (position - eye position);
vec3 reflected = reflect (eye to point, n);

gl FragColor = textureCube (env, reflected);



Fragment Program awsuiinszan

LIININNT AN LI NLAR TR ANIIUBILAINLALN 19 AR I E A 1L
199 fragment faam4ds

vec3 eye to polnt =
normalize (position - eye position);

NRIANNUUANUI UN AN LAz auaan i ana A&
vec3 reflected = reflect(eye to point, n);

Wartdu reflect L1381 v5uAUNINBFLAIRZTI AL



Fragment Program awsuiinszan

* ﬁuﬂﬂﬁqﬂLTﬂlHﬂWﬁﬂVﬂQﬂﬂﬁKNH@@%H@Q@?ﬁ@umﬂﬁquﬁqﬂqﬂ
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cube map

gl FragColor = textureCube (env, reflected);
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A1591ADINITHNIVUD AL

o mgvinmaasuasiuliany ngaeassiuaa (Snell’s Law)
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® ANAIITHININYDILANTIUAIASAITBIAINANIULILIFNGT
— fsasnisazianfisasllitlavriide

e A1 GLSL Aafarsduanusemnuazaanlfisainnsna
Arn9lunisinuaslsagnadnamne ae Waridw reflect

refract(vec3 |, vec3 N, float etaRatio)

— | Panwasnuassunnedndng (nwaes PO)
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— N Aawnwmasfan

— etaRatio Aar1 7, /772

— etz AuANR AN TiLgainIaana, (1nnwmas OQ)



msasaunalu GLSL
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Fragment Program dwsudiaen?

uniform vec3 eye;
uniform samplerCube env;
uniform float eta ratio;

varylng vec3 position;
varyilng vec3 normal;

void main ()
{
vec3 n = normalize (normal) ;
vec3 eye to polint = normalize(position - eye);
vec3 refracted =
refract (eye to point, n, eta ratio);
vecd refraction = textureCube (env, refracted);

gl FragColor = refraction;
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Usingmsei Fresnel
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Usingmsei Fresnel (ao)
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Usingmsei Fresnel (ao)

* 1FIANNITDATUIUAT W TeAsia T (grefiluauunies)
w =max(0, min(1, bias + scalex(1+ (I - N)7°"")))
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uniform
uniform
uniform
uniform
uniform
uniform

varying
varying

void mai

{
vec3
vec3
vec3
vec3
vecd
vecd

Fragment Program

dmsusianetsingmsal Fresnel

vec3 eye;
samplerCube env;
float eta ratio;
float fresnel bias;
float fresnel scale;
float fresnel power;

vec3 position;
vec3 normal;
n()
n = normalize (normal) ;
eye to point = normalize(position - eye);

refracted = refract(eye to point, n, eta ratio);
reflected = reflect(eye to point, n);

refraction = textureCube (env, refracted);
reflection textureCube (env, reflected);

float reflected weight = fresnel bias +

refl

gl FragColor = reflected weight * reflection + (l.0-reflected weight)

fresnel scale * pow(l.0 + dot(n, eye to point), fresnel power);
ected weight = max (0.0, min(reflected weight, 1.0));

* refraction;
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Chromatic Dispersion (o)




msdraes Chromatic Dispersion 1u Cg

alw OpenGL faugrumnunpe R, G, uaz B
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uniform
uniform
uniform
uniform
uniform

uniform

varying

varying

void mai
{
vec3

vec3

vec3
vec3

vec3
vec3
vec3

vec3

vecd

Fragment Program
dmsusiaes Chromatic Dispersion

vec3 eye;
samplerCube env;
vec3 eta ratio;
float fresnel bias;
float fresnel scale;

float fresnel power;

vec3 position;

vec3 normal;

n()

n = normalize (normal) ;
eye to point = normalize(position - eye);
refracted r = refract(eye to point, n, eta ratio.r);

refracted g = refract(eye to point, n, eta ratio.g);

refracted b = refract(eye to point, n, eta ratio.b);
refraction r = textureCube(env, refracted r).rgb * vec3(1,0,0);
refraction g = textureCube(env, refracted g).rgb * vec3(0,1,0);

refraction b = textureCube(env, refracted b).rgb * vec3(0,0,1);

refraction = vec4d (refraction r + refraction g + refraction b, 1);



Fragment Program
dmsusiaes Chromatic Dispersion

vec3 reflected = reflect(eye to point, n);

vecd reflection = textureCube (env, reflected);

float reflected weight = fresnel bias + fresnel scale * pow(l.0 + dot(n, eye to point),
fresnel power);

reflected weight = max (0.0, min(reflected weight, 1.0));

gl FragColor = reflected weight * reflection + (l.0-reflected weight) * refraction;






