Smooth introduction to shaders

by maqg / floppy



Each pixel runs the same shader program

Pixel shader

http://www.iquilezles.org/www/material/nvscene2008/rwwitt.pdf



LOOP WAY

for( each pixel p )

{
outputColor = doSomething( p );

http://www.iquilezles.org/www/material/nvscene2008/rwwitt.pdf



SHADER WAY

OutputColor(0) = doSomething(0);
OutputColor(1) = doSomething(1);
OutputColor(2) = doSomething(2);
OutputColor(3) = doSomething(3);
OutputColor(4) = doSomething(4);

http://www.iquilezles.org/www/material/nvscene2008/rwwitt.pdf




Part 1: Shapes

Part 2: Deformations

Part 3: Ray Marching



Toon Cloud by AntoineC
https://www.shadertoy.com/view/4t23RR


https://www.shadertoy.com/view/4t23RR
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Deform - square

I
L%trf)ré?)/\t/%vv%shadertoy.com/view/ Ms2SWW

http:/iquilezles.org/www/articles/deform/deform.htm


https://www.shadertoy.com/view/Ms2SWW

Ray Marching
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https://www.shadertoy.com/view/Xds3zN

Raymarching - Primitives
by IQ


https://www.shadertoy.com/view/Xds3zN

Shader Toy

* Authors: Inigo Quilez (1Q), Pol Jeremias (BeautyPi)
* WebGL application

* Database for shaders

* Source of inspiration for many people

* You may learn a lot here

* Not only simple shaders
(multipass games, demos, etc.)



Version 0.4

S h a d er TOy VO . 4 by Inigo Quilez 2009 (ig/rgbe), http://www.quilezies.org

g, Auld, Danguafer/
You want to contribute - for now i keep the right to d
ditthe authors if you r

h a shader preset parameter like this:

Shader

Deform K| Load

‘Deform'’ by iq (2009)

A GLSL version of the oldschool 20 deformation effect

Render

Source
w.05fps 27241 [ 01 640 x384 i

ine;

resolution

Sl0+2.0%g gCoord.xy / resolution.xy;
-1.0 + 2.0 * mouse.xy / resolution.xy;

atan(p.y-n.y,p.x
sqrt(dot(p-m,p-m
atan(p.y#n.y,p.x:

rt(dot (p+m, p+m)

-m.X) ;

.2+time + (rl-r2)*9.25
in(2.0%(al-a2));
1#r2%0.8.
texture2D(texe,uv) .xyz;

= vecd(col/(.14n),1.8);

http://www.iquilezles.org/apps/shadertoy/index2.htmi


http://www.iquilezles.org/apps/shadertoy/index2.html

http://ShaderToy.com

Search... Welcome magfip| Browse New Loved Profile Logout

=

4 Shader Inputs

% ¥oid mainImage( out vec4 fragColor, in vec2 fragCoord )

3 vec2 uv = fragCoord.xy / iResolution.xy;
4 fragColor = vec4(uv,0.5+0.5%sin(iTime),1.0);
5}

K I 1271 60.0 fps

e

Name of your shader

| Tags, comma separated. For exam }

Describe your shader

./

S —



http://ShaderToy.com/

Alternatives?

* PolyCube https://rice.moonedit.com/
 GLSL SandBox: https://glslsandbox.com/
* More?


https://rice.moonedit.com/
https://glslsandbox.com/

Part 1. Shapes



1: Color

?

void mainImage( out vec4 fragColor, in vec2 fragCoord

vec3 col = vec3(0.0, 0.0, 0.0

fragColor = vecd4( col, 1.0



Re d start

vec3 col = vec3(1.0, 0.0, 0.0);

Cvan

vec3 col = vec3(0, 1.0, 1.0);

X

vec3 col = vec3(0, 1.0, 1.0)*0.6[;


https://www.shadertoy.com/view/MtffRN

2: Position
vec2 p = fragCoord.xy / iResolution.xy;

-px=0 px=Lf
p.y =1.0 p.y=1.0
px=d5
p.y = 0.5
p.x=0 p.x=1.0
Lp,yzg pr%G—-

iImage



2: Position

p.Xx=0.0

vec2 p = fragCoord.xy / iResolution.xy;

vec3 col = vec3(0, 1.0, 1.0) * p.x;

Ul Ww



3: Distance
float dist = 1.0 - length( p-vec2(0.5) );

-,QeCZ(O.S)

P

iImage




RoaAd

vec3 col = vec3(1.0 0.0 0.0

Cvan

vec3 col = vec3(0, 1.0, 1.0

X

vec3 col = vec3(0, 1.0, 1.0)*0.6

: start

vec2 p = fragCoord.xy / 1Resolut10n Xy
vec3 col = vec3(1.0, 0.0, 0.0) * p.x

Ra d ia lfragColor = vecd( col * 0.7, 1.0

vec?2 p = fragCoord.xy / 1Resolution.xy
float dist = 1.0-length( p-vec2(0.5

fragColor = vecd(dist, @, 0, 1.0

void mainImage( out vec4 fragcolor in vec2 fragCoord

P . X*=] .5;

vec3 col = vec3(p.x+0.1*sin(iTime*0.2)
P.y+0.05%sin(2.0*iTime}, 0.2
float dxst =
(3.0-15.0%
Plcngthi p-vec2(0.75+0.01*3in (iTime
0.5+0.01%sin(0.2+0.3*iTime)

fragColor = vec4(col*dist, 1.0)


https://www.shadertoy.com/view/llffRN
https://www.shadertoy.com/view/ltXfzN

Step functions

step(1,x) smoothstep(1,2,x)

http://lwww.iquilezles.org/apps/graphtoy/



Circle

float circle(vec2 p, vec2 r, float R

return step(R, length(p-r // transition

vec3 colback = vec3(1.0
vec3 colfor = vec3(0.0

float f = circle( p, vec2(0.0,0.0 0.4

vec3 col mix (colback, colfor, f



vec3 col

vec3(1.0

Cvan

vec3 col = vec3(0

1.0, 1.0

vec3 col

= vec3(0

1.0)%*0.6|

vec2 p
vec3 co

7 fragcgord xy / iResolution xy
fragColer

= vecd( col * 0.7

Radml

vec2 p =

1.0

fragCoord.xy / iResolution.xy
float dist = 1.0-length( p-vec2(0.5

fragColor = vecd(dist

e, 0, 1.0

void mainImage( out vecd fragColor

in vecz fragCoord
fragCoord.xy / iResolution.xy

vec3 col = vec3(p.x+0.1*sin(iTimero 2
P y+0.05*sin(z.0"iTime}, 0.2
float dist =
expl3.0-15
ath i *p-vecz 9-7540,0172in (iTine
5702+ s1n 0. 240" 3+iTime
fragColor = veca(col*dist. 1.0

Circlo

start

float circle(vec2 p, vec2 r
return step(length(p-r)
col *= circle( p

float R
R

vec2(0.0,0.0

0.4

Cmnnth Circla

float circle(vec2 p

vec2 r, float R
return 1.0-smoothstep(R-0.05

Flower

R+0.05|, length(p-r))

float flower(vec2 p

vec2 r, float R

float phi = atan ﬁ

*= 0.2+0.6%*(1. 0+51n phi*5.0+0.7*iTime
return smoothstep(R, R+0.15,length(p-r


https://www.shadertoy.com/view/MtXfzN

https://www.shadertoy.com/view/4t23RR

https://www.shadertoy.com/view/IsXcWn

https://www.shadertoy.com/view/Xsf3z8


https://www.shadertoy.com/view/4dl3zn
https://www.shadertoy.com/view/4t23RR
https://www.shadertoy.com/view/lsXcWn
https://www.shadertoy.com/view/Xsf3z8

Bartek 2

Robert 7

Karol 8




Heart - 2D by 1Q

g gnid mainImage( out wvecd4 fragColor, in vec2 fragCoord )

6 vec2 p = (2.0*fragCoord-iResolution.xy)/min(iResolution.y,iResolution.x);
7

8 // background color

9 vec3 bcol = vec3(1.0,0.8,0.7-0.07*p.y)*(1.0-0.25*1Lengthip));
10

11 // animate

12 float tt = -nd(:l.T:l.-e 1. 5]/1 5;

13 float _ss = pow(tt,.2)* + 0.5;

14 ss = 1.0 + ss*0. 5*s:|.n(tt*6 2831*3.0 + p.y*0.5)*exp(-tt*4.0);
ig p *= vec2(0.5,1.5) + ss*vec2(0.5,-0.5);

17 // shape

18 #ift ©

19 p *= 0.8:

20 p.y = -0.1 - p.y*1.2 + abs(p.x)*(1.0-abs(p.x));

21 float r = length(p);

22 float d = 0.5;

23 #else

24 p.y -= 0.25;

25 float a = atan[ﬁ.x,p .¥)/3.141593;

26 float r = length(p);

27 float h = abs(a);

28 float d = (13.06%h - 22.0*h*h + 10.0*h*h*h)/(6.0-5.0%h)

29  #endif

30

31 // color

32 float s = 0.75 + 0.75*p.x;

33 s *= 1.0-0.4%r;

34 s = 0.3 + 0.7%s;

35 s *= 0.5+0.5%pow( 1.0- c‘l.a-p(r/d 8.0, 1.0 ), 0.1 );

g_? vec3 hcol = vec3(1 0,0.5*%r, 3]* ;

gg vec3 col = mix( bcol, hcol, smoothstep( -8.81, 0.01, d-r) ):
40 fragColor = vecd4(col,1.0);

https://www.shadertoy.com/view/XsfGRn sl


https://www.shadertoy.com/view/XsfGRn

Part 2: Deformations



¥oid mainImage( out vecd4 fragColor, in vec2 fragCoord )
vec2 uv = fragCoord.xy / iResolution.xy;
vec3 col = texture(iChannel®, uv+iTime*0.1 ) .rgb;

fragColor = vecd4(col, 1.0);



Modify texture position uv according to:
- pixel position

- distance from some point

- angle..

etc.



Deformations

float d = abs(p.y+0.8) ;
uv=vec2(p)/(d);
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vec2Z uv; _
float d = length(p)+0.5; https://www.shadertoy.com/view/4dI3zS
uv=vec2(p)/d;

uv=vec2(p)/d+iMouse.xy/iResolution.xy;


https://www.shadertoy.com/view/4dl3zS
https://www.shadertoy.com/view/XllfR4

http://www.iquilezles.org/www/articles/deform/deform.htm
https://www.shadertoy.com/view/4sXGzn
https://www.shadertov.com/view/4sXGRn



http://www.iquilezles.org/www/articles/deform/deform.htm
https://www.shadertoy.com/view/4sXGzn
https://www.shadertoy.com/view/4sXGRn

Part 3: Ray Marching



Example: Sult / Loonies

3rd place at
Breakpoint 2009

http://www.youtube.com/watch?v=foR
64Z0ObAXA



http://www.youtube.com/watch?v=foR64ZObAXA
http://www.youtube.com/watch?v=foR64ZObAXA

Sult 4kb intro tech

Sult .avi > 80 Mb file,

- intro as a fragment shader
- ray marching

- FM synth

- .exe packed with Crinkler



Ray Tracing

Image

Camera / 8 Light Source
? View Ray

\\i

)\ Scene Object




Ray Tracing

Problems: - soft shadows
- many objects, fractals
- ray/scene intersections cost a lot



Ray Marching

Ray Tracing Ray-scene intersections /

Ray Marching Marching in the scene along the ray

/'/'/'/'



lterations

Ray:

r(t) =ro+t * dir

Seek for timinimum distance to any object in the
scene:

ti = ti-e + f( r(ti1) )



Ray Marching
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Ray Marching
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Ray Marching
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Ray Marching
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Ray Marching
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Ray Marching
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Ray Marching




Distance Fields

® (QObject as an implicit function
® For each position x in the scene

f(x) =0 - point on the surface

......
........

f(x) >0 - point outside

® f proportional to the distance



Sphere Tracing

e
eye
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Sphere Tracing




Sphere Tracing




Sphere Tracing

eye




Sphere Tracing




Sphere Tracing




Sphere Tracing




Sphere Tracing




Sphere Tracing




Sphere Tracing




Sphere tracing algorithm

float d;
vec3 p = po;

for(int i=0; i<ITER; i++) // 100
{
d = f(p);
if(d < EPS) // 0.002
break;
p=p+dir*d;
}



Distance Functions

Surface (hormal n) going through point nd

fr)y=r*n-d

J.C. Hart, Sphere Tracing: Simple Robust Antialiased Rendering of Distance-Based Implicit Surfaces
(Course Notes, SIGGRAPH 1993)



Distance Functions

Surface (hormal n) going through point nd

fr)y=r*n-d

J.C. Hart, Sphere Tracing: Simple Robust Antialiased Rendering of Distance-Based Implicit Surfaces
(Course Notes, SIGGRAPH 1993)



Distance Functions

Ball with radius R

// code
f(r) — |r| -R float sphere(vec3 r, float R)
{

}

return length(r) - R;

J.C. Hart, Sphere Tracing: Simple Robust Antialiased Rendering of Distance-Based Implicit Surfaces
(Course Notes, SIGGRAPH 1993)



Distance Functions

Ball with radius R

f(r)=1Irl-R

J.C. Hart, Sphere Tracing: Simple Robust Antialiased Rendering of Distance-Based Implicit Surfaces
(Course Notes, SIGGRAPH 1993)



Minimum of two DFs

is their sum...




Soft Shadows

Marching from contact point to light source
n

sum distances from the scene

(easy implementation)



Soft Shadows
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Soft Shadows




Soft Shadows




Soft Shadows




RM in Pixel shaders

1) two triangles (fullscreen)

2) each pixel runs the same pixel
shader

/
HEE .

3) sphere tracing in GLSL pixel
shader




varying vec3 r;

uniform float t;

uniform vec4 m;

float plane(vec3 r)

{ returnry;}

float sphere(vec3 r, float R)

{return length(r) - R; }

float f(vec3 r) // distance function
{
float d=1e10;
vec3 posr =r;
d = sphere(r+vec3(0+m.x,-0.1+m.y,3.9), 0.5);
d = min (d, plane(r));
return d;
}
/I credit: las / pouet thread

float shadow(vec3 p, vec3 |, float d, int i)

{
float o;
for (0=0;i>0.i--) o +=f(p+I*i*d).x;
return clamp(o, 0.0, 1.0);
}

/I credit: http://www.pouet.net/topic.php?which=7920&page=10, rar
vec3 normal(vec3 p)
{

#define DR 2e-4

vec3 dr = vec3(DR,0,0);

return ( vec3( f(p+dr.xyz).x, f(p+dr.yxz).x, f(p+dr.yzx).x ) - f(p).x) / DR;
}
#define ITER 90
#define EPS 0.002
void main()
{
vec3 camera = vec3(-0.1,1.8,-15.0);
vec3 p = vec3(rx, ry+1.2,-10.2);

vec3 lightv = vec3(0.0,2.5,-5.0);

vec3 dir = normalize(p-camera);
int mat=1;
float d;

for(int i=0; i<ITER; i++)

{
d=f(p);
if(d < EPS)
break;
p=p+dir*d;
}

vec3 n = normal(p);

float light = 1.0 + 0.5*(dot(n,lightv));

light = light / pow(length(lightv-p),2);
vec3 lightdir = normalize(lightv-p);

light *= shadow(p, lightdir, 0.02, 10);
vec4 color = 0.1+0.9%light * vec4(1,1,1,1);

gl_FragColor = color;

O




Example

a onauer npus
return R*r;
Hoat aigtfvecs' 1 scee
f float d = lel®d;
// uncomment 1-6 separately
d= rﬁi;ttld? aabb( r + vec3(-1.0,-0.9,3.9), vec3(0.7))

// 2. rotated cube
//d = min(d, aabb( roty(r + vec3(-1.0,-0.9,3.9), 0.2)

// 3. cube rotated in time
//d = min(d, aabb( roty(r + vec3(-1.0,-0.9,3.9), 0.2*

// 4. cube or sphere

//d = mJ.n(d aahb(rotz(rotg(r + vec3 1.0,-0. 9,3 9),1i
//d = min(d, sphere(r+ vec3(-1.0,- 3.9), 1.0));
// 5. cube and sEhere
//d = min(d, aab (rotz(rotg(r + vec3 1.0,-0.9,3.9),i
K e o > " //d = max(d, sphere(r+ vec3(-1.0,- 3.9), 1.90));
. .1 fps C
P REC o // 6. circles (sphere but not cube)
2 = ) //g = mJ.n(d -aﬁbb(rotz(rogyti E vgcg(é 90 -g.g,B.B),
STW8: RayMarching - Cubes < $o //d = max{d, sphere(rs vec{ boro
// 7. cube + circles
Lviews, Tags: Created by magflp in 2017-Nov-23 V74 = max(d: shhereirs vecst 1.5, Y5 308y 0ahy
reated by maqflp in 2017-Nov-: = max sphere(r+ vec3(-1.0, ' , 0.8));
 raymarching, example, workshop | 77d = min(d, sphere(r+ vec3(-1.0,-0.9,3.9), 0.75));
"Exemp\ary shader prepared for first Wroclaw Shader Toy workshop. 1 ' gvg:yttlong’hefore or plane
i analril-

https://www.shadertoy.com/view/XtIfR7


https://www.shadertoy.com/view/XtlfR7

Coffee Mug with CSG

constructive solid geometry

Difference (7 ‘ , Morph

Hyperize

= »

Tim Reiner, Gregor Muckl, Carsten Dachsbacher, Interactive Modeling of Implicit Surfaces using
a Direct Visualization Approach with Siened Distance Functions




Thank you for your attention!

Shaders are at:
maciejmatyka.blogspot.com

mag/floppy
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