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Inkrementalis képszintézis

Sugarkovetés szamitasi idd oc
Pixelszam x Objektumszam x (Fényforras szam+1)

koherencia: oldjuk meg nagyobb egységekre
feleslegesen ne szamoljunk: vagas

transzformaciok: minden feladathoz megfelel6
koordinatarendszert

— vagni, transzformalni nem lehet akarmit: tesszellacio



3D inkrementalis képszintézis
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Normalizalt Képernyokoordinatar.  Appyalt kép
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Vagas Takaras és vetités trivialis!



Tesszellacio

* Fellleti pontok: r, ,, = r(u,v,,)

or(u,v), or(u,v)
ou ov
* ,Paraméterterben szomszedos” pontokbdl haromszogek

* Normalvektor: n(u,,v )=




Parametrikus feltletek normalvektora

or(u,v) o or(u,v)
ou ov

n(u,v)=

u=u*
y=yp*

r(u,v)

y=yp*
r(u®*v)




Objektumok az GPU-nak

struct Geometry {
unsigned int vao, nVtx;

Geometry( ) { // Ilyen ne legyen globalis valtozd!

glGenVertexArrays(l, &vao);
glBindVertexArray (vao) ;

}

void Draw () {
glBindVertexArray (vao) ;
glDrawArrays (GL _TRIANGLES, 0, nVtx);

}

};
struct Vd { // VertexData, ArrayOfStruct: 3 + 3 + 2 float

vec3 position, normal;
float u, v;

};

struct ParamSurface : Geometry
virtual Vd r(float u, float v) =
void Create(int N, int M);

};

{
0;




Parametrikus feltulet GPU-nak

void ParamSurface: :Create(int N, int M) {

nVtx = N * M * 6;
unsigned int vbo;
glGenBuffers(l, &vbo); glBindBuffer (GL ARRAY BUFFER, vbo) ;

Vd *vtx = new Vd[nVtx], *pVtx = vtx;
for (int i = 0; i < N; i++) for (int j = 0; j < M; j++) {
*pvVtx++ = r((float)i / N, (float)j / M);

*pVtx++ = r((float) (i + 1) / N, (float)j / M);
*pVtx++ = r((float)i / N, (float)(j + 1) / M);
*pVtx++ = r((float) (i + 1) / N, (float)j / M);
*pVtx++ = r((float) (i + 1) / N, (float)(j + 1) / M);
*pVtx++ = r((float)i / N, (float)(j + 1) / M);

}
glBufferData (GL_ARRAY BUFFER, nVtx * sizeof(Vd), vtx, GL_STATIC DRAW) ;

glEnableVertexAttribArray(0); // AttribArray 0 = POSITION
glVertexAttribPointer (0, 3, GL FLOAT, GL_ FALSE, sizeof(Vd), (void*)O0);
glEnableVertexAttribArray(l); // AttribArray 1 = NORMAL
glVertexAttribPointer (1, 3, GL FLOAT, GL_FALSE,

sizeof (Vd), (void*)offsetof (Vd, normal)) ;
glEnableVertexAttribArray(2); // AttribArray 2 = UV
glVertexAttribPointer (2, 2, GL FLOAT, GL_FALSE,

sizeof (Vd) , (void*)offsetof(Vd, u));




Gomb

class Sphere : public ParamSurface ({

vec3 center;
float radius;
public:
Sphere (vec3 c, float r) : center(c), radius(r) {
Create (16, 8); // tessellation level

}

Vd r(float u, float v) {

vd vd;

vd.normal = vec3(cos(u*2*M PI) * sin(v*M PI),
sin (u*2*M PI) * sin(v*M PI),
cos (v*M PI)) ;

vd.position = vd.normal * radius + center;

vd.u = u; vd.v = v;

return vd;




Zasz|o
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r(uv)=[uW, v-H, sm(K-uPl+phase) D ]

i Jj k
or/lou= W, 0, K-PI-cos(K-u-Pl+phase)-D
or/ov = |0, H, 0

n(u,v)= or/ou x or/ov =[-K~PI-\QCOS(K-u-PI+phase)°D,O,WX]



Zaszlo

class Flag : public ParamSurface {
float W, H, D, K, phase;
public:
Flag(float w, float h, float d, float k, float p)
W(w), H(h), D(d), K(k), phase(p) {
Create (60, 40); // tessellation level

}

Vd r(float u, float v) {
vd vd;
float angle = u * K * M PI + phase;
vd.position = vec3(u * W, v * H, sin(angle) *D) ;

vd.normal = vec3(-K * M PI * cos(angle) * D, 0, W)

vd.u = u; vd.v = v;




Transzformaciok

Modellezési transzformacio:

:l’,l] TModel — [rworld9 1]

_ _1 .

_n,O] (TModel)T_ [nworldﬂd]

Kamera transzformacio:

[rworldﬂl] TVieW — [rcamera? 1]

Perspektiv transzformacio:
[rcameraﬂl] TPersp — [rscreenh ) h]

MVP transzformacio: Tyo4e/Tview Lpersp = Taive



Modellezési transzformacio

z
" 1. skalazas:  sx, sy, sz
2. orientacio: wx, wy, wz, o,
X 3. pozicid:  px, py, pz
. L N 17 _
B 3% 1
Ty= Sz 1
_ L L lpx py pz 1]

1= rcos(o)tw'(rw?)(1-cos(a))+w'xrsin(a)



4dx4-es matrix a CPU-n

struct maté4 {

float m[4][4];
mat4d (float m00,.., float m33) { .. }
mat4 operator* (const matd4& right);

void SetUniform(unsigned shaderProg, char * name) {
int loc = glGetUniformLocation (shaderProg, name) ;
glUniformMatrix4fv(loc, 1, GL TRUE, &m[O0] [0]) ;

}i
mat4 Translate (float tx, float ty, float tz) {

return mat4 (1, 0, 0, 0,
0, 1, 0, 0,
0, 0, 1, 0,

tx, ty, ¢tz, 1);

}
mat4 Rotate(float angle,float wx,float wy,float wz) {..}

mat4 Scale(sx, sy, sz) {..}




Nézeti

téglalap Kamera modell

Mi: Camera obscura



Vilagbol a képernydre
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View transzformacio

w = (eye-lookat)/|eye-lookat|
u=(vup x w)/|w x vup|
V=wxu
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Latoszog normalizalas
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Normalizalas utani
perspektiv transzformacio

(-mx-z, -my-z, z)
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(mx, my, -1)
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e

-mx-z,-myz z 1| = [mx, my,z* 1|~ [-mxz, -myz, -zz* -z
| vz, z, 1] = [mx, my, z%, , -My'z,



Perspektiv transzformacio
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z¥=-a-f/z

a = -(fp+bp)bp-/p)
p = -2fp-bp/(bp-fp)




z¥=-a-f/z

a= -(fp+bp)Abp-fp)
p = -2fp-bp/(bp-/p)

/-fighting

[ fp/bp nem lehet kicsi! J
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(X, Y,,Z,,h] = [xc,yc,zc,1] T

Projekcio (perspektiv)

transzformacio

1/ (tg(fov/2)-asp) O 0

0 1/tg(fov/2) 0

0 0 -(fp+bp)/(bp-fp) -1
\ 0 0 -2fp-bp/(bp-fp)

0)
0

0

persp

[x*y%z% 1] = [X,/h, Y,/ Z,/h1]

™S

Kamera koord.

\/

h=-zc

Perspektiv torzitas




1ase Camera . Camera osztaly

vec3 wEye, wLookat, wVup; // extrinsic parameters

float fov, asp, fp, bp; // intrinsic parameters
public:
matd V() { // view matrix
vec3 w = (wEye - wLookat) .normalize() ;

vec3 u = cross(wVup, w) .normalize()
vec3 v = cross(w, u);
return Translate (-wEye.x, -wEye.y, -wEye.z) *

matd(u.x, v.x, w.x, 0.0f,
u.y, v.y, w.y, 0.0f,
u.z, v.z, w.z, 0.0f,

0.0£, 0.0£, 0.0£, 1.0f );
}
matd4d P() { // projection matrix
float sy = 1/tan(fov/2);
return mat4 (sy/asp, 0.0£f, 0.0f, 0.0f,
0.0f, sy, 0.0f, 0.0f,
0.0£, 0.0f, -(fp+bp)/(bp - £fp), -1.0f,
0.0f, 0.0f, -2*fp*bp/(bp - fp), 0.0f);




const char *vertexSource = R" (
uniform mat4 M, Minv, MVP;

in vec3 vtxPos; // Attrib array O Tra n SZfO r m a, C i c,) k

in vec3 vtxNorm; // Attrib array 1

out vec4d color; a G P U - n

void main() {
gl Position = vec4d (vtxPos, 1) * MVP;
vecd4d wPos = vecd (vtxPos, 1) * M;
vecd4d wNormal = Minv * vec4d (vtxNorm, O0);
color = Illumination(wPos, wNormal) ;

})";

void Draw () {
mat4d M = Scale(scale.x, scale.y, scale.z) *
Rotate (rotAng, rotAxis.x, rotAxis.y, rotAxis.z) *
Translate (pos.x, pos.y, pos.z);
mat4 Minv = Translate(-pos.x, -pos.y, -pos.z) *
Rotate (-rotAngle, rotAxis.x, rotAxis.y, rotAxis.z) *
Scale(l/scale.x, 1l/scale.y, 1l/scale.z);
mat4d MVP = M * camera.V() * camera.P()

M.SetUniform(shaderProg, “M”);
Minv.SetUniform(shaderProg, “Minv”) ;
MVP.SetUniform(shaderProg, “MVP”) ;

glBindVertexArray (vao) ;
glDrawArrays (GL_TRIANGLES, 0, nVtx);
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Vagas homogeén koordinatakban

Cel: -1<X=X/h<]1
-1<Y=Y/h<]1
-1<Z=72/h<1

Vegylik hozza: h > 0 (mert 2 = -z¢)

‘ ‘ h=X,

h <X, <h Kiviil @ Belil @
h<Y,<h
h<Z,<h [3.0,0,2] [2,0,0,3]

h=2<X=3 | h=3>X,=2




Szakasz/poligon vagas

h < f

h<Z,<h

h=hi-(I-t)y+h’t=

_ =X, =X,!-(1-f) + X, ¢
h Xh [XhI’Yh]’ZhI’h]] h h ( ) h

[=...
Af(l—t) +X,° -t /

XYzl |z =70 (10 + 2,2 - ¢

h =h! -(1-t)+ h*-t




Takaras T

* Képernyl koordinatarendszerben ==

— vetitosugarak a z tengellyel parhuzamosak!

* Objektumtér algoritmusok (folytonos):

— |athatdsag szamitas nem flgg a felbontastol
e Keptér algoritmusok (diszkrét):

— mi latszik egy pixelben

— Sugarkoveteés ilyen volt!



Hatsolab eldobas:
back-face culling

n.<0

z

Lapok a nézeti iranyban:
e Kivulrdl: lap, objektum: elilsé oldal
e Bellilrél: objektum, lap: hatso oldal
Feltételezés:

Ha kivulrél, akkor csucsok éramutatoval megegyez6 koruljarasuak




/-buffer algoritmus

2. . 3.
0.3 k
0.6 0.8

Szin buffer Mélység buffer
Z-buffer

0.6
0.3




Z: linearis interpolacio

(X3, Y5,2)

|Z Z(XY) = aX + bY + ¢

4 (XDYIDZI) /?

QMA Z(X,Y)

- X
Z(X+1,Y)=Z(X,Y) + a




Z-interpolacios hardver

X Z(XY)
X szamlalo Z regiszter

CLK
/ z \




Triangle setup

Z,=aX, +bY, +c
Z,=aX, +bY, +c
Zy=aX; +bY; +c

Zy-Z,= a(X3-X)) + D(Y3-1))
Zy-Z,= a(Xy-X)) + D(Y)-Y))

NZZ) (YY) - (Yi-Y)(Z-Z)

ZXY)=aX+bY +c | |a=
( ’Y) a ¢ (X3-X1)(Y2'Y1) - (\Y3'Yl)(X2'Xl)

nX+n,Y+n Z+d=0
i j k ﬁ . ]
X;-X, Y3-Y, Z-Z z

n=(r;-r)x(r,-r) =34 14374 3741
XXy Y-Yy  Zy-Z,




Takaras OpenGL-ben

int main(int argc, char * argv[]) {

glutInitDisplayMode (GLUT RGBA | GLUT DOUBLE |

GLUT DEPTH) ;
glEnable (GL DEPTH TEST); // z-buffer is on
glDisable (GL_CULL_FACE); // backface culling is off

}

void onDisplay() {
glClear (GL_COLOR BUFFER BIT | GL_DEPTH_BUFFER_BIT) ;

rajzolas..

glutSwapBuffers () ; // exchange the two buffers




Arnyalas

L(V)~2, L,(L)*f.(L,,N,V)-cos ¢’

 Koherencia: ne mindent pixelenként
¢ Csucspontonként:

belll az L ,,szin” interpolacidja:
Gouraud arnyalas (per-vertex shading)
* Pixelenként:
belll a Normal (View, Light) vektort interpolaljuk:
Phong arnyalas (per-pixel shading)



Per-vertex (Gouraud) arnyalas

Nop-L2 RX,Y)=aX + bY + ¢
N, i GX.Y) =...
E 1 BXY)=...
Modell
[+kamera]

RIXY)
N, Perspektiv

i L3 + nézeti
r
2

N; r;

(per-vertex shading)

RX+1,)=R(XY)+a
Képernyo




Per-vertex shading: Vertex shader

uniform mat4 MVP, M, Minv; // MVP, Model, Model-inverse
uniform vec4 kd, ks, ka; // diffuse, specular, ambient ref
uniform float shine; // shininess for specular ref
uniform vecd4d La, Le; // ambient and point sources
uniform vec4 wLiPos; // pos of light source in world
uniform vec3 wEye; // pos of eye in world

in vec3 vtxPos; // pos in modeling space

in vec3 vtxNorm; // normal in modeling space

out vecd color; // computed vertex color

void main () {
gl Position = vec4(vtxPos, 1) * MVP; // to NDC

vecid
vec3
vec3
vec3
vec3

wPos = vec4d (vtxPos, 1) * M;
L = normalize( wLiPos.xyz/wLiPos.w - wPos.xyz/wPos.w) ;

V = normalize (wEye * wPos.w - wPos.xyz) ;
N = normalize( (Minv * vec4d (vtxNorm, 0)) .xyz );
H = normalize(L + V) ;

float cost = max(dot(N, L), 0), cosd = max(dot(N, H), O0);
color = ka * La + (kd * cost + ks * pow(cosd, shine)) * Le;




Per-vertex shading: Pixel shader

in vec4 color; // interpolated color of vertex shader
out vecd fragmentColor; // output goes to frame buffer

void main () {
fragmentColor = color;

}




ambiens

diffuz

Tovabbi bajok:

e anyagtulajdonsag konstans
e arnyék nincs

kilonben a szint nem lehet
interpolalni




Per-pixel (Phong) arnyalas
-

Modell
[+kamera]

L

Normalizalas!
A\
Pontokra: —
perspektiv
 nezeti (per-pixel shading)

Kepernyo



Per-pixel shading: Vertex shader

uniform mat4 MVP, M, Minv; // MVP, Model, Model-inverse

uniform vecd4d wLiPos; // pos of light source
uniform vec3 wEye; // pos of eye

in vec3 vtxPos; // pos in modeling space

in wvec3 vtxNorm; // normal in modeling space
out vec3 wNormal; // normal in world space
out vec3 wView; // view in world space

out vec3 wLight; // light dir in world space

void main () {
gl Position = vec4(vtxPos, 1) * MVP; // to NDC

vec4d wPos = vecd (vtxPos, 1) * M;

wLight = wLiPos.xyz * wPos.w - wPos.xyz * wLiPos.w;
wView = wEye * wPos.w - wPos.xyz;

wNormal = (Minv * vec4 (vtxNorm, 0)) .xyz;




Per-pixel shading: Pixel shader

uniform vec3 kd, ks, ka;// diffuse, specular, ambient ref

uniform vec3 La, Le; // ambient and point source rad
uniform float shine; // shininess for specular ref

in vec3 wNormal; // interpolated world sp normal

in vec3 wView; // interpolated world sp view

in wvec3 wLight; // interpolated world sp illum dir

out vecd fragmentColor; // output goes to frame buffer

void main() {

vec3 N = normalize (wNormal) ;
vec3 V = normalize (wView) ;
vec3 L normalize (wLight) ;
vec3 H = normalize (L + V) ;
float cost = max(dot(N,L), O0), cosd = max(dot(N,H), O);
vec3 color = ka * La +
(kd * cost + ks * pow(cosd,shine)) * Le;
fragmentColor = vec4 (color, 1);




Gouraud versus Phong

Gouraud




NPR: Non-Photorealistic Rendering

uniform vec3 kd; // diffuse ref
in vec3 wNormal, wView, wLight; // interpolated
out vecd fragmentColor; // output goes to frame buffer

void main () {
vec3 N = normalize (wNormal) ;
vec3 V = normalize (wView) ;
vec3 L = normalize (wLight) ;
float y = (dot(N, L) > 0.5) 2 1 : 0.5;
if (abs(dot(N, V)) < 0.2) fragmentColor = vec4(0, 0, O, 1);
else fragmentColor = vecd4(y * kd, 1);




ura leképzés
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Texturazas

Paraméterezés Model-camera-perspective-viewport

m transzformacio

x=a.u+b.v+c
X X X [Xh’ Yh’ Zh, h] = [X,y:Z’ I]TC

y=autbytc, v
. z=au+b_v+c, (X, Y)=[Xy/h, Y;/h]

YT (1)
|
(X3, Y3)
(XZ’ YZ)
Képernyd b'e

[
»

‘T, ahol 7 =-zc




Perspektiva helyes texturazas

V) Yt (.7,

/4“
) |

/4

o, 1y 2

A, X+B,Y+C,

v

A, X+BY+C,

uh =A,X+B Y+C, Ay X+B,Y+C,
vh =A,X+B Y+C,
1/h =4, X+B,Y+C,

h=-zc




TextuUra szdreés

Textlra tér Keptér



Texturatér és képtér kapcsolata

Magnification Minification



Mip-map (multum in parvo)

AY

v




Az a default: ®

Bi-linear textura sz(irés = Mpmapisvan:©

‘ ..O ......... ’ .
@) @) @ @

glTexParameteri (GL TEXTURE 2D,

GL TEXTURE MIN FILTER, GL NEAREST) ;

glTexParameteri (GL TEXTURE 2D,

GL TEXTURE MAG FILTER, GL LINEAR) ;



Textura szdrési modok

“Bi-linear filtering ~~ Mip-mapping  Linear mip-map szint



Texture Shader

TextL'JréZéS | Sampler | 1 Program

int _ uniform
| textureld GL_TEXTUREI samplerUnit

struct Texture {

};

unsigned int textureld;

Texture (char * fname) {
glGenTextures (1, &textureId);
glBindTexture (GL_TEXTURE 2D, textureld) // binding
int width, height, level = 0, border = 0;
float *image = LoadImage (fname,width,height); // megirni!
glTexImage2D (GL _TEXTURE 2D, level, GL RGB, width, height, border,

GL RGB, GL FLOAT, image); //Texture -> OpenGL

glTexParameteri (GL_TEXTURE 2D, GL_TEXTURE MIN FILTER, GL LINEAR);
glTexParameteri (GL_TEXTURE 2D, GL_TEXTURE MAG FILTER, GL LINEAR);

}

void Geometry: :Draw( ) {

int sampler = GL_TEXTUREO; // GL_TEXTUREL,

int loc = glGetUniformLocation (shaderProg, "samplerUnit");

glUniformli (loc, sampler); // Shader samplerUnit to sampler GL TEXTUREO
glActiveTexture (sampler) ;
glBindTexture (GL _TEXTURE 2D, texture.textureld); // sampler to textureld

glBindVertexArray (vao) ; glDrawArrays (GL TRIANGLES, 0, nVtx);




Vertex és Pixel Shader

in vec3 vtxPos;

in vec3 vtxNorm;
in vec2 vtxUV;

out vec2 texcoord;

void main () {
gl Position = vec4 (vtxPos, 1) * MVP;
texcoord = vtxUV;

}

uniform sampler2D samplerUnit;
in vec2 texcoord;
out vec4 fragmentColor;

void main() {
fragmentColor = texture (samplerUnit, texcoord):;




Atlatszdsag:
Sorrend szamit!

fragment shader
output

glBlendFunc ( (Rs’ Gs’ Bs’As) (Rd’ Gd’ b d’Ad)

glEnable (GL BLEND) ;

GL_SRC_ALPHA,
GL_ONE_MINUS_SCR _ALPHA

) ;
glDrawArrays (GL_TRIANGLES, 0,nVtx) ; \ ALU /
glDisable (GL BLEND) ; (R, G’B,A)‘

e

Rasztertar

(R,G,B,A) =
(RA+R[(1-4,), GA+G,(1-4)), BAA+B,(1-4), A A, +4,(1-4)))




App

onlnit()
onDisplay()
onldle()

Scene | 4| Light
Shader RenderState | | Animate() La, Le,
vsSrc, fsSrc, shaderProg M, V, P. Minv, Render() wlLightPos
Create() material, texture ”
Bind() i
light, wEye Camera
A A 4 wEye, wLookAt,
*
Gouraud || Phong | Shadow wvup,
) ) ) fp, bp, fov, asp

Bind() Bind() Bind () v(), P()

Object

*| Material [ scale, pos,

rotAxis, rotAngle
% T, *
exture Animate()
Draw()
* | Geometry
Draw() 4
PolygonMesh | | ParamSurface |
Load(filename) Create(N, M) SpecificObject
A A Animate(dt)
Draw()
Sphere Flag
r(u,v) r(u,v)




Scene

class Scene {
Camera camera;
vector<Object *> objects;
Light light;
RenderState state;
public:
void Render () {
state.wEye = camera.wEye;
state.V = camera.V;
state.P = camera.P;
state.light = light;
for (Object * obj : objects) obj->Draw(state);
}

void Animate (float dt) {
for (Object * obj : objects) obj->Animate (dt) ;




Object

class Object {
Shader * shader;

Material * material; : = :
Texture * texture; Objektumok nem zavarjak egymast

Erték szerinti paraméteratadas:

Geometry * geometry;
vec3 scale, pos, rotAxis;
float rotAngle;
public:
void Draw (RenderState“state) {
state.M = Scale(scale.x, scale.y, scale.z) *
Rotate (rotAngle,rotAxis.x,rotAxis.y,rotAxis.z) *
Translate (pos.x, pos.y, pPos.z);
state.Minv = Translate(-pos.x, -pos.y, -pos.z) ¥*
Rotate (-rotAngle,rotAxis.x,rotAxis.y,rotAxis.z) *
Scale(l/scale.x, 1l/scale.y, 1l/scale.z);
state.material = material; state.texture = texture;
shader->Bind (state) ;
geometry->Draw () ;

}
virtual void Animate (float dt) ({}




Shader

struct Shader {

unsigned int shaderProg;

void Create(const char * vsSrc, const char * vsAttrNames][],
const char * f£sSrc, const char * fsOuputName) ({

unsigned int vs = glCreateShader (GL VERTEX SHADER) ;
glShaderSource(vs, 1, &vsSrc, NULL); glCompileShader (vs) ;
unsigned int fs = glCreateShader (GL FRAGMENT SHADER) ;
glShaderSource(fs, 1, &fsSrc, NULL); glCompileShader (fs) ;
shaderProgram = glCreateProgram() ;
glAttachShader (shaderProg, vs);
glAttachShader (shaderProg, f£fs);

for (int i = 0; i < sizeof (vsAttrNames) /sizeof (char*); i++)
glBindAttribLocation (shaderProg, i, vsAttrNames[i])
glBindFragDataLocation (shaderProg, 0, f£sOuputName) ;
glLinkProgram (shaderProgqg) ;
}
virtual
void Bind (RenderState& state) { glUseProgram(shaderProg); }




ShadowShader

class ShadowShader : public Shader {
const char * vsSrc = R"(
uniform mat4d MVP;
in vec3 vtxPos;
void main() { gl Position = vecd (vtxPos, 1) * MVP; }
)"
const char * £sSrc = R" (
out vec4 fragmentColor;
void main() { fragmentColor = vec4(0, O, O, 1); }
)"
public:
ShadowShader () {
static const char * vsAttrNames[] = { "vtxPos" };
Create (vsSrc, vsAttrNames, fsSrc, "fragmentColor") ;

}

void Bind (RenderState& state) {
glUseProgram (shaderProg) ;
mat4 MVP = state.M * state.V * state.P;
MVP. SetUniform(shaderProg, "MVP") ;




3. hazi: Vergddo kigyok
Phong (per-pixel) arnyalas

Kigyo geometria:

Test: Extruded surface,
Bézier gerinc,
ellipszis profil

Fej/szem: ellipszoid

Anyag:
Textarazott Diffaz +
Feher Phong-Blinn
Animacio:
Kontrolpontok
zart parameteres gorbeén,
mas periodussal

Homok:
proceduralis magassagmez0

Proceduralis texturak (CPU):
Reaction-diffusion process

Pl.
http://www.karlsims.com/rd.html



