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1. Vision general de WebGL - Introduccidn

- Como ya sabemos, WebGL (Web Graphics
Library) es una especificacion estandar que define
una API para la generacion de graficos en 3D en
navegadores web

- WebGL deriva de OpenGL ES (Embedded
Systems)
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WebGL 1.0 Specifications support shader functions.
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1. Vision general de WebGL - Shaders

- OpenGL/WebGL proporcionan la capacidad de
crear unos programas llamados shaders

- Un shader es un fragmento de cdodigo que
permite generar graficos 3D mediante un
lenguaje de programacion denominado GLSL
(Graphics Library Shader Language)

- La sintaxis de GLSL es similar a C
- En WebGL se usa una version reducida de GLSL
denominada GLSL ES

- Los shaders se ejecutan en la GPU de un
ordenador
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1. Vision general de WebGL - Shaders

- Los graficos manejados en los shaders estaran
formados por formas basicas creadas a traves
de primitivas GLSL.:

En base a estas formas
e g basicas se pueden crear
graficos 3D realistas

8 & L ]
i1 |_,-3 |.-5
gl POINTS

wil w2 wd wi) va v Wi v2 v
wi v3 va vi W3 vh vl w3 Vo
gl LINES glLINE_STRIP gl.LINE_LOOP

Wi Ve v vl Ve i vd
wi vl wi ¥l v3 W5
vE v

gl. TRIAMGLES gl. TRIANGLE_STRIP gl TRIANGLE_FAN
vl
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1. Vision general de WebGL - Shaders

- Hay dos tipos de shaders necesarios para
generar graficos en WebGL.:

1. Vertices (vertex shader). Programa que
describe la posicion de los elementos de una
escena (modelo)

2. Fragmentos (fragment shader): Programa
gue se ocupa del procesamiento de los
vertices, color, iluminacion, etc.
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1. Vision general de WebGL - Pipeline

- OpenGL/WebGL trabaja en un bucle infinito

- Sitla elementos en la escena (puntos, lineas,
poligonos)

- Procesa la posicion y orientacion de la camara

- Atiende los eventos del teclado

- Dibuja la escena

- El funcionamiento de OpenGL/WebGL se basa
en el procesado de los graficos que componen
la escena en diferentes fases (pipeline)
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1. Vision general de WebGL - Pipeline
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http://duriansoftware.com/joe/An-intro-to-modern-OpenGL.-Chapter-1:-The-Graphics-Pipeline.html
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1. Vision general de WebGL — Aplicaciones WebGL

- Una aplicacion WebGL es una aplicacion web
gue hace uso de WebGL para generar graficos
3D. Por lo tanto estara formada como minimo
por HTML, JavaScript, y GLSL ES (para los
vertex y fragment shaders)

Web page Web page using WebGL

--------------------------------

HTML JavaScnpt E HTMLS J[ JavaScript J[ GLSL ES

: Nuestro objetivo es
HTML : HTML crear aplicaciones
Flandaring Engine 5 Rﬂ"dﬂﬂnﬂ Engine WebGL, y para ello

B . usaremos HTML,
rowser rowser JavaScript y GLSL ES

--------------------------------------------

OpenGL/OpenGL ES
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1. Vision general de WebGL — Canvas XD

- El elemento <canvas> de HTML5 permite definir
un area de dibujo dentro de una pagina web
- Sin WebGL, <canvas> permite dibujar graficos 2D
- Con WebGL, <canvas> permite dibujar graflcos 3D

i i <!DOCTYPE html>
Ejemplo de \ <html>
dibujo 2D en [ <head>
! <title>Canvas in 2D</title>
<Canvas> : </head> i [y Canvasin 2D x  + B = x
i <body onload="init()"> | <« C @ File | filey//Dyfprojects/webgl-exam.. ¥ (§ i

var canvas = document.getElementById("myCanvas");
var context = canvas.getContext("2d");
context.moveTo(@, 0);

context.lineTo(260, 100);

context.stroke();

| <canvas id="myCanvas" width="640" height="480"></canvas>

| </body> :

1 <script> !

i function init() { »

| }
i </script>
: </html>

_________________________________________________________________________

https://developer.mozilla.org/en-US/docs/Web/APIl/CanvasRenderingContext2D
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2. Referencia APl WebGL

gl.clearColor (red, green, blue, alpha)

Specify the clear color for a drawing area:

Parameters red Specifies the red value (from 0.0 to 1.0).
green Specifies the green value (from 0.0 to 1.0).
blue Specifies the blue value (from 0.0 to 1.0).
alpha Specifies an alpha (transparency) value (from 0.0 to 1.0).

0.0 means transparent and 1.0 means opaque.

If any of the values of these parameters is less than 0.0 or more than 1.0, it
Is truncated into 0.0 or 1.0, respectively.

Return value MNone

Errors? Nnne|
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2. Referencia APl WebGL

gl.clear (buffer)

Clear the specified buffer to preset values. In the case of a color butfer, the value (color)
specified by g1.clearColor () is used.

Parameters Dbuffer Specifies the buffer to be cleared. Bitwise oORr (|) operators are used
to specify multiple buffers.

gl.COLOR BUFFER BIT Specifies the color buffer.
gl .DEPTH BUFFER BIT Specifies the depth buffer.

gl .STENCIL BUFFER BIT  Specifies the stencil buffer.

Return value None

Errors INVALID_VALUE buffer is none of the preceding three values.
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2. Referencia APl WebGL

gl.drawArrays (mode, first, count)

Execute a vertex shader to draw shapes specified by the mode parameter.

Parameters mode Specifies the type of shape to be drawn. The following symbolic
constants are accepted: gl.POINTS, gl.LINES, gl.LINE STRIP,
gl.LINE LOOP, gl.TRIANGLES, gl.TRIANGLE STRIP, and gl.
TRIANGLE FAN.

first Specifies which vertex to start drawing from (integer).

count Specifies the number of vertices to be used (integer).

Return value None
Errors INVALID_ENUM mode is none of the preceding values.

INVALID_VALUE first is negative or count is negative.
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2. Referencia APl WebGL

gl.createShader (type)

Create a shader of the specified type.

Parameters type Specifies the type of shader object to be created: either
gl .VERTEX SHADER (a vertex shader) or gl.FRAGMENT
SHADER (a fragment shader).

Return value Non-null The created shader object.
null The creation of the shader object failed.
Errors INVALID_ENUM  The specified type is none of the above.

gl.compileShader (shader)

Compile the source code stored in the shader object specitied by shader.

Parameters shader Specifies the shader object in which the source code to be
compiled is stored.

Return Value None

Errors None
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2. Referencia APl WebGL

gl.getShaderParameter (shader, pname)

Get the information specified by pname from the shader object specitied by shader.

Parameters shader Specifies the shader object.
pname Specifies the information to get from the shader:
gl .SHADER TYPE, gl.DELETE STATUS, Of

gl .COMPILE STATUS.

Return value The following depending on pname:

gl.SHADER TYPE The type of shader (gl.VERTEX SHADER O gl.FRAGMENT

SHADER)
gl .DELETE _ Whether the deletion has succeeded (true Or false)
STATUS
gl.COMPILE_ Whether the compilation has succeeded (true Or false)
STATUS

Errors INVALID _ENUM pname is none of the above values.
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2. Referencia APl WebGL

gl.getShaderInfolog (shader)

Retrieve the information log from the shader object specitied by shader.

Parameters shader Specifies the shader object from which the information log is
retrieved.
Return value non-null The string containing the logged information.
null Any errors are generated.
Errors None

gl.useProgram(program)

Tell the WebGL system that the program object specified by program will be used.

Parameters program Specifies the program object to be used.

Return value None

Errors None
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2. Referencia APl WebGL

gl.createProgram()

Create a program object.

Parameters None

Return value non-null The newly created program object.
null Failed to create a program object.

Errors None

gl.linkProgram(program)

Link the program object specified by program.

Parameters program Specifies the program object to be linked.

Return value None

Errors None
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2. Referencia APl WebGL

gl.attachShader (program, shader)

Attach the shader object specified by shader to the program object specitied by program.

Specifies the program object.

Specifies the shader object to be attached to

Shader had already been attached to program.

Parameters program
shader
program.
Return value None
Errors INVALID_OPERATION
T 1
shader object shader object

(vertex shader)

(fragment shader)

Figure 9.10 The relationship between a program object and shader objects
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2. Referencia APl WebGL

gl.getProgramParameter (program, pname)

Return information about pname for the program object specified by program. The return
value differs depending on pname.

Parameters program Specifies the program object.

pname Specifies any one of gl .DELETE STATUS, gl.LINK STATUS,
gl.VALIDATE STATUS, gl.ATTACHED SHADERS, gl.ACTIVE
ATTRIBUTES, Of gl.ACTIVE UNIFCORMS.

Return value Depending on pname, the following values can be returned:

gl .DELETE STATUS Whether the program has been
deleted (true or false)

gl.LINE STATUS Whether the program was linked
successfully (true or false)

gl .VALIDATE STATUS Whether the program was validated
successfully (true or false)

gl .ATTACHED SHADERS The number of attached shader
objects

gl.ACTIVE ATTRIBUTES The number of attribute variables in
the vertex shader

gl .ACTIVE UNIFORMS The number of uniform variables

Errors INVALID_ENUM  pname is none of the above values.
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2. Referencia APl WebGL

gl.createBuffer()

Create a buffer object.

Return value non-null The newly created buffer object.
null Failed to create a buffer object.
Errors MNone

gl.deleteBuffer (buffer)

Delete the buffer object specified by buffer.

Parameters buffer Specifies the buffer object to be deleted.

Return Value Mone

Errors None
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2. Referencia APl WebGL

gl.bindBuffer (target, buffer)

Enable the buffer object specified by buffer and bind it to the farget.

Parameters Target can be one of the following:

gl .ARRAY BUFFER

gl .ELEMENT _
ARRAY BUFFER

buffer

Return Value MNone

Errors INVALID _ENUM

Specifies that the buffer object contains vertex data.

Specifies that the buffer object contains index values
pointing to vertex data. (See Chapter 6, “The OpenGL
ES Shading Language [GLSL ES].)

Specifies the buffer object created by a previous call to
gl.createBuffer().

When null is specified, binding to the target is
disabled.

target is none of the above values. In this case, the
current binding is maintained.
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2. Referencia APl WebGL

gl.bufferData(target, data, usage)

Allocate storage and write the data specitied by data to the butfer object bound to target.

Parameters  target Specifies gl .ARRAY BUFFER Or gl.ELEMENT ARRAY BUFFER.

data Specifies the data to be written to the buffer object (typed
array; see the next section).

usage Specifies a hint about how the program is going to use
the data stored in the buffer object. This hint helps WebGL
optimize performance but will not stop your program from
working if you get it wrong.

gl.STATIC_  The buffer object data will be specified once
DRAW and used many times to draw shapes.

gl.STRERM_ The buffer object data will be specified once
DRAW and used a few times to draw shapes.

gl.DYNARMIC  The buffer object data will be specified repeat-
DRAW edly and used many times to draw shapes.

Return value MNone

Errors INVALID_ENUM target is none of the preceding constants
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gl.vertexAttribPointer (location, size, type, normalized, stride,

offmet)

2 R ef e ' Assign the buffer object bound to g1 .array suFFER to the attribute variable specified by
u

location.

Parameters

Return value

Errors

location

size

type

normalized

stride

offset

None

Specifies the storage location of an attribute variable.

Specifies the number of components per vertex in the buffer object
(valid values are 1 to 4). If size is less than the number of compo-
nents required by the attribute variable, the missing components
are automatically supplied just like gl .vertexattrib[1234] ().

For example, if size is 1, the second and third components will be
set to 0, and the fourth component will be set to 1.

Specifies the data format using one of the following:

gl.UNSIGNED EYTE unsigned byte for vintearray
gl .SHORT signed short integer for Int16array

gl.UNSIGNED SHORT unsigned short integer for uintilsarray

gl.INT signed integer for Int3zarray
gl.UNSIGNED INT unsigned integer for vint3zArray
gl .FLOAT floating point number  for Float32array

Either true or f£alse to indicate whether nonfloating data should
be normalized to [0, 1] or [-1, 1].

Specifies the number of bytes between different vertex data
elements, or zero for default stride (see Chapter 4).

Specifies the offset (in bytes) in a buffer object to indicate what
numberth byte the vertex data is stored from. If the data is stored
from the beginning, offset is 0.

INVALID OPERATION There is no current program object.

INVALID_VALUE location is greater than or equal to the maximum

number of attribute variables (8, by default). stride or
offset is a negative value.
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2. Referencia APl WebGL

gl.getAttribLocation (program, name)

Retrieve the storage location of the attribute variable specified by the name parameter.

Parameters program Specifies the program object that holds a vertex
shader and a fragment shader.

name Specifies the name of the attribute variable
whose location is to be retrieved.

Return value greater than or equal to O  The location of the specified attribute variable.

-1 The specified attribute variable does not exist or
its name starts with the reserved prefix g1 or
webgl .

gl.enableVertexAttribArray(location)

Enable the assignment of a buffer object to the attribute variable specitied by location.

Parameters location Specifies the storage location of an attribute variable.

Return value None

Errors INVALID VALUE location is greater than or equal to the maximum number
of attribute variables (8 by default).
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2. Referencia APl WebGL

gl.getUniformLocation (program, name)

Retrieve the storage location of the uniform variable specified by the name parameter.

Parameters program Specifies the program object that holds a vertex
shader and a fragment shader.
name Specifies the name of the uniform variable whose loca-
tion is to be retrieved.
Return value  non-null The location of the specified uniform variable.
null The specified uniform variable does not exist or its

name starts with the reserved prefix g1 or webgl .

Errors INVALID_OPERATION  program has not been successfully linked
(See Chapter 9.)

INVALID_VALUE The length of name is more than the maximum length
(256 by default) of a uniform variable.
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2. Referencia APl WebGL

gl.uniformd4f (location, v0, v1, vz, v3)

Assign the data specified by v0, vI, v2, and v3 to the unitorm variable specified by

location.
Parameters location Specifies the storage location of a uniform variable to
be modified.
vO Specifies the value to be used as the first element of

the uniform variable.

vl Specifies the value to be used as the second element
of the uniform variable.

V2 Specifies the value to be used as the third element of
the uniform variable.

v3 Specifies the value to be used as the fourth element of
the uniform variable.

Return value MNone

Errors INVALID_OPERATIOMN  There is no current program object.

location is an invalid uniform variable location.
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2. Referencia APl WebGL

gl.drawElements (mode, count, type, offset)

Executes the shader and draws the geometric shape in the specified mode using the
indices specified in the buffer object bound to gl.ELEMENT ARRAY BUFFER.

Parameters mode

count

type

offset

Return value MNone

Errors INVALID_ENUM
INVALID_VALUE

Specifies the type of shape to be drawn (refer to Figure
3.17).

The following symbolic constants are accepted:

gl.POINTS, gl.LINE STRIP, gl.LINE LOOP, gl.LINES,
gl.TRIANGLE STRIP, gl.TRIANGLE FAN, Or gl.TRIANGLES

Number of indices to be drawn (integer).

Specifies the index data type: gl .UNSIGNED BYTE Of gl.
UNSIGNED SHORT®

Specifies the offset in bytes in the index array where you
want to start rendering.

mode is none of the preceding values.

A negative value is specified for count or offset
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3. Referencia API GLSL ES

Table 2.2 Built-In Variables Available in a Vertex Shader

Type and Variable Name Description

vecd gl Position

float g1 PointSize

Specifies the position of a vertex

Specifies the size of a point (in pixels)

Storage Qualifier Type  Variable Name
f Fa

% K K
attribute vec4 a_Position;

Figure 2.21 The declaration of the attribute variable

Storage Qualifier Type  Variable Name
') ' ')

| 2 | 2 [ 2
uniform vecd4 u FragColor;

Figure 2.31 The declaration of the uniform variable
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3. Referencia API GLSL ES

~==5creen
ra

------- AR AL ELE o
-—-Line of sight i JUTSANE- X
o :
z E
Flgure 2.16 WebGL coordinate system Figure 2.17 The right-handed coordinate system

: : =Ccanvas=>
.(0'.0’ 0.0’ 0.0) E‘,’ drawmg area
| .
i P o 1)
(-1.0, 0.0, 0.0) (1.0, 0.0, 0.0)

Filgure 2.18 The <canvas> drawing area and WebGL coordinate system
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3. Referencia API GLSL ES

Table 2.3 Data Types in GLSL ES

Type Description

float Indicates a floating point number
vecd Indicates a vector of four floating point numbers
float float Float float

Table 2.4 The Built-In Value Available in a Fragment Shader

Type and Variable Name Description

vecd gl FragColor Specify the color of a fragment (in RGBA)
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4. Ejemplo: colorear un canvas

- Este ejemplo es el mas sencillo posible a
realizarse con WebGL

- Se pinta todo la superficie de un canvas de un
color usando la APl de WebGL

- El cddigo fuente de todos los ejemplos esta
disponible en GitHub, en el repositorio
https://github.com/bonigarcia/webqgl-examples
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<!DOCTYPE html>
<html>

<head>
<title>Clear canvas</title>
</head>

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

<script>
function init() {
// Get canvas object from the DOM
var canvas = document.getElementById("myCanvas");

// Get the rendering context for WebGL
var gl = canvas.getContext("webgl");

if ('gl) {
console.log("Failed to get the rendering context for WebGL");
return;

}

// Set clear color
gl.clearColor(0.0, 0.0, 0.0, 1.0);

// Clear canvas
gl.clear(gl.COLOR_BUFFER_BIT);

}

</script>

</html>

________________________________________________________________________________________
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contiene Unicamente un
elemento <canvas>

<1DOCTYPE html> i \ 4

<html> ! A

<head> i . X
ctitle>Clear canvas</title> | Nuestra pagina web

</head> !

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

<script>
function init() {
// Get canvas object from the DOM
var canvas = document.getElementById("myCanvas");

En codigo JavaScript
hemos implementado la
funcion init( ) que se

ejecuta al cargarse el

// Get the rendering context for WebGL
var gl = canvas.getContext("webgl");

if (lgl) { cuerpo de la pagina
console.log("Failed to get the rendering context for WebGL");
return; web

}

(onload="init()")

// Set clear color
gl.clearColor(0.0, 0.0, 0.0, 1.0);

// Clear canvas
gl.clear(gl.COLOR_BUFFER_BIT);

}

</script>

</html>

________________________________________________________________________________________
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<!DOCTYPE html>
<html>

<title>Clear canvas</title>
</head>

<head> i

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

En la funcién init( ) en
primer lugar se lee el
objeto canvas del DOM

<script>
function init() {
// Get canvas object from the DOM
var canvas = document.getElementById("myCanvas");

Despues, obtenemos el
contexto WebGL, que

// Get the rendering context for WebGL
var gl = canvas.getContext("webgl");

if (lgl) { . . nos da acceso a toda la
console.log("Failed to get the rendering context for WebGL"); .
return; API JavaScript de

}

WebGL

// Set clear color
gl.clearColor(0.0, 0.0, 0.0, 1.0);

// Clear canvas
gl.clear(gl.COLOR_BUFFER_BIT);

}

</script>

</html>

________________________________________________________________________________________
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gl.clearColor(0.0, 0.0, 0.0, 1.0);

[w ﬂ Elements  Console  Sources Metwork Performance
// Clear canvas - _
gl.clear(gl.COLOR_BUFFER BIT); [ © | top Y | © | Filter
} Failed to get the rendering context for WebGL
</script> 3

</html>

________________________________________________________________________________________

| <IDOCTYPE html> i \
' <html> ! \\\

i <head> i N
i <title>Clear canvas</title> i

' </head> |

i <body onload="init()"> c -y

i <canvas id="myCanvas" width="640" height="480"></canvas> Medlante eSta CondICIOn;

| </body> estamos verificando que la

| <seript> o variable g1 tiene valor. Si

' unction init :

i // Get canvas object from the DOM WebGL No estuviese

i var canvas = document.getElementById("myCanvas"); SOpOI‘tadO se mOStraria Ia.

i // Get the rendering contex’lc' for I{\IlebGL un mensaje de error por Ia

! var gl = canvas.getContext("webgl");

; if (Igl) { consola del navegador

: console.log("Failed to get the rendering context for WebGL"); T TR

i return; console.log("...");

: } T

i // Set clear color i ‘
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4. Ejemplo: colorear un canvas Q

----------------------------------------------------------------------------------------

i <IDOCTYPE html>
i <html>

E <head>
i <title>Clear canvas</title>
I </head>

i <body onload="init()">
| <canvas id="myCanvas" width="640" height="480"></canvas>

! </bod : ,
: «/body> | Mediante el método
I ST ' | clearColor especificamos
: unction init() { :
// Get canvas object from the DOM | el color RGBA (mOdEIO de

var canvas = document.getElementById("myCanvas");

! color aditivo con
// Get th deri text f WebGL : .
var gl = canvas. getContext( webgl®); .| transparencia) con el que

if (‘gl) { _ , se coloreara el canvas. En
console.log("Failed to get the rendering context for WebGL"); . ,
return; este ejemplo sera negro
} (red=0, green=0, blue=0,
// Set clear color —
gl.clearColor(0.0, 0.0, 0.0, 1.0); alpha—O)
// Clear canvas I . s
| gl.clear(gl.COLOR_BUFFER_BIT); Mediante el método ¢ lcar se
' Jseripts realiza el coloreado en base al

| /htnl> color previamente definido

________________________________________________________________________________________
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<!DOCTYPE html>
<html>

<head>
<title>Draw a point</title>
</head>

<body onload="init()"> B Drawa poin x|+
<canvas id="myCanvas" width="640" height="480"></canvas>

</body>

&« c @ File file:///D:/projects/webgl-examples/basic_concepts/draw-a-point....  ¥¢ ;

<script id="shaderVs" type="x-shader/x-vertex">
void main() {

gl Position = vec4(0.0, 0.0, 0.0, 1.0);
gl PointSize = 10.0;

</script>

<script id="shaderFs" type="x-shader/x-fragment">
void main() {

gl FragColor = vec4(1.0, 0.0, 0.0, 1.9);
}

</script>

<script>

function init() {
/]l ...

}

</script>

</html>

)
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| <IDOCTYPE html> . _
, <html> ; En este ejemplo ya estamos

' chends i implementando shaders

i <title>Draw a point</title> i usando GLSL ES Estos

i </head> i .

Z . ) shaders deben contener un

i <body onload="init()"> : z .

<canvas id="myCanvas" width="640" height="480"></canvas> meto_do ma_ln.() que hace de

| </body> “—— funcion principal del shader

E <script id="shaderVs" type="x-shader/x-vertex">

void main() {
gl Position = vec4(0.0, 0.0, 0.0, 1.0);

gl PointSize = 10.0; En este <Scr'ipt>

se define un veértice (vertex
shader)

}

i </script>

E <script id="shaderFs" type="x-shader/x-fragment">

void main() {

gl FragColor = vec4(1.0, 0.0, 0.0, 1.90); En este <scr‘ipt>

se define un fragmento
(fragment shader)

}

i </script>

E <script>
' function init() {
/]l ...
}

| </script>

' </html>
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i <!DOCTYPE html>

et Mediante la variable

| <head> gl _Position de GLSL se define
] i 1 i i ]_ = ., ’ .

| hesgoriebran @ pointe/tities la posicién del vértice actual en

| . coordenadas homogeéneas. En
1 <body onload="init()">

<canvas id="myCanvas" width="640" height="480"></canvas> este ejemplo, la pOSiCién del

</body> estara en las coordenadas x=0,
<scr‘\i/2§diz:i§r(1?d?rws type="x-shader/x-vertex"> y:O’ Z:O (0 sea, en el centro del
| gl_Position = vec4(0.0, 0.0, 0.0, 1.0); canvas). El cuarto parametro
BN gl_PointSize = 10.0; (w=1 en este ejemplo) permite
| </script> realizar transformaciones del
<script id="shaderFs" type="x-shader/x-fragment"> Vértice

void main() {
gl FragColor = vec4(1.0, 0.0, 0.0, 1.9);

i scripts Mediante la variable

| scripts gl _PointSize de GLSL se

L rnepen a0 A define el tamafio en pixeles del
i </Sciipt> vértice, en este ejemplo vale 10

' </html>
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5. Ejemplo: dibujar un

<!DOCTYPE html>
<html>

<head>
<title>Draw a point</title>
</head>

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

<script id="shaderVs" type="x-shader/x-vertex">
void main() {

punto

gl Position = vec4(0.0, 0.0, 0.0, 1.0);
gl PointSize = 10.0;
}

</script>
<script id="shaderFs" type="x-shader/x-fragment">

void main() {
gl FragColor = vec4(1.0, 0.0, 0.0, 1.0);
}

</script>

Mediante la variable g1 FragColor
de GLSL se define el color del
fragmento actual en formato RGBA.
En este ejemplo corresponde al color
rojo solido (R=1, G=0, B=0, A=1)

<script>
function init() {
/]l ...
}

</script>

</html>

______________________________________________________________________________
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5. Ejemplo: dibujar un punto D
Desde JavaScript vamos a asociar el canvas 6 '

e con la ejecucién de los shaders (WebGL)

I <script>

function init() { _________;l//””////////' :
// Get canvas object from the DOM E

var canvas = document.getElementById("myCanvas");

| La primera parte
// Init WebGL context es igual que el

var gl = canvas.getContext("webgl"); | . )
if (1gl) { | ejemplo anterior
console.log("Failed to get the rendering context for WebGL"); i
return: N (se colorea en
} | negro el canvas)

// Clear canvas

gl.clearColor(0.0, 0.0, 0.0, 1.0); E ;
gl.clear(gl.COLOR_BUFFER_BIT); ! Despues leemos el

// Init shaders .J | cadigo fuente de los

var vs = document.getElementById('shaderVs').innerHTML; ! Shaders y |O
var fs = document.getElementById('shaderFs').innerHTML; '

if (linitshaders(gl, vs, fs)) { inicializamos
console.log('Failed to intialize shaders.'); mediante el métOdO
return; ..
} initShaders
// Draw 7 1a- - = - PR :
ol drawarrays(gl.POINTS, 0, 1): S_ PO Ultimo invocamos el dibujo (_jel vertice mediante
» - el método drawArrays haciendo uso de la
' </script>

e primitiva g1 .POINTS (0 sea, pintamos 1 punto)
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I ‘\\ \&06\ \
function initShaders(gl, vs_source, fs_source) { : z A
/7 Compile shaders La funcidn makeShader
var vertexShader = makeShader(gl, vs_source, gl.VERTEX SHADER); nos permite crear un A\
var fragmentShader = makeShader(gl, fs_source, gl.FRAGMENT_SHADER); ] N
objeto shader en base a

// Create program e
var glProgram = gl.createProgram(); Su COdIgO fuente GLSL

// Attach and link shaders to the program
gl.attachShader(glProgram, vertexShader);

gl.attachShader(glProgram, fragmentShader); L Hay que crear un Objeto

gl.linkProgram(glProgram); c
de tipo program para usar

if (!gl.getProgramParameter(glProgram, gl.LINK STATUS)) {
alert("Unable to initialize the shader program"); los shaders (Vél"[ice y
} fragmento)

return false;
// Use program .
gl.useProgram(glProgram); i 2
gl.program = glProgram; Para crear 6| Obje'[O

return true; Z shader hay que compilar
} -
function makeShader(gl, src, type) { Su COdlgO fuente y
var shader = gl.createShader(type); Comprobar que todo ha
gl.shaderSource(shader, src); .
gl.compileShader(shader); |d0 correctamente

if (!gl.getShaderParameter(shader, gl.COMPILE_STATUS)) {
alert("Error compiling shader: " + gl.getShaderInfolLog(shader));
return;

}

return shader;
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6. Ejemplo: dibujar un tridangulo
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<!DOCTYPE html>
<html>

<head>
<title>Draw a triangle</title>
</head>

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

[ Draw atriangle X 4

< C @ localhost:8000/draw-a-triangle.htm Tr ;

<script id="shaderVs" type="x-shader/x-vertex">
attribute vec4 a Position;

void main() {

gl Position = a_Position;

</script>

<script id="shaderFs" type="x-shader/x-fragment">
void main() {

gl FragColor = vec4(1.0, 0.0, 0.0, 1.9);
}

</script>

<script>

function init() {
/]l ...

}

</script>

)

</html>
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i <!DOCTYPE html>

' <htmls i Este ejemplo es diferente
| | al anterior en varios

i <head> :

<title>Draw a triangle</title> : aspectos:

i </head> i . -,

| | 1. La posicion de los

| <body onload="init()"> 5 vértices (modelo) se
i <canvas id="myCanvas" width="640" height="480"></canvas> E . ]

| </body> define en JavaScript y

es leida desde el

E <script id="shaderVs" type="x-shader/x-vertex">

e i vertex shader
gl Position = a_Position; 2. Se usala prlmltlva de
it § WebGL para pintar
ipt id="shaderfs" t hader/x-f t triangulos
| <script id="shaderFs" type="x-shader/x-fragment">
! void main() { | (gl.TRIANGLES)en
: } gl FragColor = vec4(1.0, 0.0, 0.0, 1.9); base a IOS Vértices
| </script> | definidos en lugar de
| scripts g pintar puntos
function init() { !
tion 1 | (g1.POINTS)
1 } I
1 </script>

L </html>
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6. Ejemplo: dibujar un triangulo QD
_____________________________________________________________________________ \ ‘%
| <IDOCTYPE html> ! 0
i <html>
| <head>
! <title>Draw a triangle</title> Para cargar los vértices
i </head>

i <body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>

i </body>
E <script id="shaderVs" type= x—shiEEzif;Xgﬁtn»””///////////’//’/
E attribute vec4 a_Position;

void main() {

definidos en JavaScript
desde el vertex shaders, en
primer lugar hay que definir
la variable a_Position de
forma global

gl Position = a_Position;

}

i </script>

E <script id="shaderFs" type="x-shader/x-fragment">
void main() {
gl FragColor = vec4(1.0, 0.0, 0.0, 1.9);

)

El fragment shader no varia con respecto

Dentro la funcion main() del
vertex shader, se asigna el
valor de a_Position ala

variable GLSL g1 Position,
gue como hemos visto antes,

define la posicion de los
vértices

al ejemplo anterior (uso de color rojo solido
para colorear los vértices)
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function init() { , ‘\48 G
// Get canvas object from the DOM : A
var canvas = document.getElementById("myCanvas"); ! N

// Init WebGL context
var gl = canvas.getContext("webgl");

if ('gl) {
console.log("Failed to get the rendering context for WebGL");
return;
} - -
L) tnit shaders En la funcion JavaScript
var vs = document.getElementById( 'shaderVs').innerHTML; inl‘t() se hace una ”amada
var fs = document.getElementById('shaderFs').innerHTML; S 5
if (!initShaders(gl, vs, fs)) { a Ia funC|0n
console.log('Failed to intialize shaders.'); g L
etonm; 1n1_ty(_ar*’_cexBuffer‘s donde
} se inicializaran los datos de
// Write the positions of vertices to a vertex shader IOS VérticeS
var n = initVertexBuffers(gl);
if (n < 0) {
console.log('Failed to set the positions of the vertices');
, e Al final se invoca el método
drawArrays para que se
// Clear canvas . .
gl.clearColor(0.0, 0.0, 0.0, 1.0); genere el grafico a partir de
gl.clear(gl.COLOR_BUFFER_BIT); IOS VérticeS Usando Ia.
// Draw 1miti
gl.drawArrays(gl.TRIANGLES, 0, n); p”mltlva gl - TRIANGLES
}
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6. Ejemplo: dibujar un triangulo Q

| function initvertexBuffers(gl) { = __—T _ED este ejemplo
// Vertices definimos tres puntos
dadas 3 componentes

var dim 3;

var vertices Float32Array([
0, 0.5, 0, // Vertice #1
0.5, -0.5, 0, // Vertice #2

9:5, 705, 0 // Vertice #3 4 Creamos un buffer, que es una
memoria interna de WebGL

1);

// Create a buffer object
var vertexBuffer = gl.createBuffer();

if (!vertexBuffer) { . : o
console.log('Failed to create the buffer object'); z ASOC|amOS IOS Vert|CeS

, e definidos al buffer

gl.bindBuffer(gl.ARRAY_BUFFER, vertexBuffer);

gl.bufferData(gl.ARRAY_BUFFER, vertices, gl.STATIC_DRAW); UsamOS Ia Variable

// Assign the vertices in buffer object to a_Position variable 4 a Position deﬁnida

var a_Position = gl.getAttribLocation(gl.program, 'a Position'); y ]

if (a_Position < 0) { como atributo global en
Egzzgie.i?g( Failed to get the storage location of a Position'); el Vertex Shader para

} A

gl.vertexAttribPointer(a_Position, dim, gl.FLOAT, false, 0, 0); Cargar IOS Vert|Ces que

gl.enableVertexAttribArray(a_Position); estan en el buffer

// Return number of vertices

| return vertices.length / dim; f Devolvemos el numero de vertices en
e funcion del nimero de elementos del
array y la dimensioén
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7. Ejemplo: dibujar un rectangulo
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<!DOCTYPE html>

<html> A
<head> N
<title>Draw a rectangle</title>
</head>
aw a rectangle x - Cl b3
<body onload="init()"> 5 -
&« C @ localhost:8000/draw-a-rectangle.htm T ;

<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

<script id="shaderVs" type="x-shader/x-vertex">
attribute vec4 a_Position;
void main() {
gl Position = a_Position;

}

</script>

<script id="shaderFs" type="x-shader/x-fragment">
precision mediump float;
uniform vec4 u_Color;
void main() {
gl FragColor = u_Color;

}

</script>

<script>
function init {
/] ...
}

</script>

</html>
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i <IDOCTYPE html>
i <html>

E <head>
i <title>Draw a rectangle</title>
i </head>

i <body onload="init()">
: <canvas id="myCanvas" width="640" height="480"></canvas>
i </body>

i <script id="shaderVs" type="x-shader/x-vertex">
attribute vec4 a Position;
void main() {
gl Position = a_Position;
}

i </script>

i <script id="shaderFs" type="x-shader/x-fragment">
precision mediump float;
uniform vec4 u_Color;
void main() {
gl FragColor = u_Color;
}

i </script>

i <script>

function init() {
/] ...

}

i </script>

E </html>

Este ejemplo es diferente
al anterior en varios
aspectos:

1. El color del fragmento

se define en JavaScript
y es leida desde el
fragment shader
2. Dado que no existe la
primitiva WebGL para
pintar rectangulos,
usamos dos triangulos
(g1.TRIANGLES)
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i <IDOCTYPE html> : > 6 :

; <html> El vertex shader no varia con respecto al

| <heads ejemplo anterior (se cargan los vertices
| <titlesDraw a rectanglec/title> desde la variable a_Position , que se

i </head> A )

| cargara mediante JavaScript)

i <body onload="init()">
: <canvas id="myCanvas" width="640" height="480"></c
1 </body>

i <script id="shaderVs" type="x-shader/x-vertex">
attribute vec4 a Position;

void main() { Para cargar los vertices definidos en
gl Position = a_Position; .
} JavaScript desde el fragment
i </script>

| shaders, en primer lugar hay que

i <script id="shaderFs" type="x-shader/x-fragment"> deflnlr una Variable global (de nombre
: precision mediump float; .

' < u_FragColor en ese ejemplo) usando

uniform vec4 u_FragColor;
void main() {

: gl FragColor = u_FragColor; el calificador uniform.

Iscripts Ademas, es necesario definir la precision

| <script> gue la GPU requeria para el calculo de
funeion il 4 valores en coma flotante (float). Eso se

i </Sciipt> hace mediante la sentencia precision

mediump float;

E </html>
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7. Ejemplo: dibujar un rectangulo <
\ % N
En este ejemplo (“ '

e definimos 2 triangulos

function initVertexBuff 1
unc 1o;1/1\r;2r‘t(ieze:x uffers(gl) { (formado por 3 puntOS

var dim = 2; < cada uno) dadas 2
var vertices Float32Array([
9.5, 0.5, 0.5, 0.5, 0.5, -0.5, // Triangle 1 componentes
0.5, 0.5, 0.5, -0.5, -0.5, -0.5 // Triangle 2 :
D; La creacion del buffer es
// Fragment color i -
var rgba [0.0, 1, 0.0, 1.0]; L— Igual que y EI ejemplo

anterior (se omite en este
buff bj i 1 1 2 -
x ?r.‘?ate a buffer object (same as triangle example) fragmento, el COd.|g0
, , completo esta en GitHub)
// Assign the color to u_FragColor variable i

var u_FragColor = gl.getUniformLocation(gl.program, 'u FragColor');
if (u_FragColor < 0) {
console.log('Failed to get the storage location of u_FragColor');

return -1; _____:TS;\\\\\\\\\\\\‘

}
gl.uniformafv(u_FragColor, rgba); Usamos el método uniform4fv para
// Return number of vertices asignar el valor de la variable
i i h / dim; : c
., e vertices.feneth /A JavaScript rgba al variable del
T TTTTTTTTITTTTooosesnoossssnoossiioosssooososooooooooos fragment shader llamada u_FragColor
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8. Ejemplo: degradado de color en triangulo
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<!DOCTYPE html>
<html>

<head>
<title>Draw a colored triangle</title>
</head>

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

[ Draw a colored triangle x 4+

&« C @ localhost:8000/basic_concepts/colored-triangle.html T ;

i <script id="shaderVs" type="x-shader/x-vertex">
| attribute vecd4 a_Position;

i attribute vec4 a_Color;

' varying highp vec4 v_Color;

i void main() {

! gl Position = a_Position;

i v_Color = a_Color;

1
O
X

}

</script>

<script id="shaderFs" type="x-shader/x-fragment">
varying highp vec4 v_Color;
void main() {
gl FragColor = v_Color;

}

</script>

<script>
function init {
/] ...
}

</script>

</html>
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| <IDOCTYPE html> %,
! <html> ) A
' on Este ejemplo, el color de

' <head> .

: <title>Draw a colored triangle</title> |()ES fr€1g;r11€3r1t()55 es \/EiflEik)|EE:

1 </head>

i <body onload="init()">
! <canvas id="myCanvas" width="640" height="480"></canvas>
i </body>

i <script id="shaderVs" type="x-shader/x-vertex">
attribute vecd4 a_Position;
attribute vec4 a_Color;
varying highp vec4 v_Color;
void main() {
gl Position = a_Position;
v_Color = a_Color;
}

E </script>

i <script id="shaderFs" type="x-shader/x-fragment">
varying highp vec4 v_Color;
void main() {

1. Se define como una
variable attribute) y
es procesado en el
vertex

2. Por cada fragmento
(pixel) se obtiene un
valor que es
comunicado al fragment
shadre mediante una
variable varying

gl FragColor = v_Color;
}

| </script>

i <script>
' function init() {
/] ...
¥

E </script>

i </html>
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function initVertexBuffers(gl) { ' \\fs ‘
S En JavaScript, tanto los
var vertices = new Float32Array([ Arti X
Ny ) e vertices como los colores
0.5, 0.5, 0, /] Vertice 2 son comunicados a las
9.5, -0.5, @ // Vertice #3 ! ]
Iy; R variables attribute del
var colors = new Float32Array([
10 0.0, 0.0, /7 Cotor #1 (red) vertex shader usando el
0.0, 1.0, 0.0, // Color #2 (green) mecanismo habitual
0.0, 0.9, 1.0, // Color #3 (blue)

; s e
i // Create a buffer object for vertices and assign to a_Position variable

i var vertexBuffer = gl.createBuffer();

| gl.bindBuffer(gl.ARRAY_BUFFER, vertexBuffer);

i gl.bufferData(gl.ARRAY_BUFFER, vertices, gl.STATIC_DRAW);

| var a_Position = gl.getAttribLocation(gl.program, 'a_Position');

i gl.vertexAttribPointer(a_Position, dim, gl.FLOAT, false, 9, 0);

i gl.enableVertexAttribArray(a_Position);

// Create colors buffer

var trianglesColorBuffer = gl.createBuffer();
gl.bindBuffer(gl.ARRAY_BUFFER, trianglesColorBuffer);
gl.bufferData(gl.ARRAY_BUFFER, colors, gl.STATIC_DRAW);

var a_Color = gl.getAttribLocation(gl.program, 'a_Color');
gl.vertexAttribPointer(a_Color, dim, gl.FLOAT, false, 9, 0);
gl.enableVertexAttribArray(a_Color);

// Return number of vertices
return vertices.length / dim;
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9. Ejemplo: degradado de color en rectangulo
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<!DOCTYPE html>
<html>

<head>
<title>Draw a colored rectangle</title>
</head>

<body onload="init()">
<canvas id="myCanvas" width="640" height="480"></canvas>
</body>

[ Draw a colored rectangle x +

&« c @ localhost:8000/basic_concepts/co ored-rectangle.htm Yr ;

i <script id="shaderVs" type="x-shader/x-vertex">
| attribute vecd4 a_Position;

i attribute vec4 a_Color;

' varying highp vec4 v_Color;

i void main() {

! gl Position = a_Position;

i v_Color = a_Color;

}

</script>

<script id="shaderFs" type="x-shader/x-fragment">
varying highp vec4 v_Color;
void main() {
gl FragColor = v_Color;
}

</script>

<script>
function init {
/...
}

</script>

</html>
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<1DOCTYPE html> 6;’6
<html> .
chead> La definicion de los shaders
<title>Draw a colored rectangle</title> . A
</head> es exactamente |gual en este
cbody onload="init()"> ejemplo que en el anterior
<canvas id="myCanvas" width="640" height="480"></canvas> (USO de attr.ibute para IOS
</body>

vértices y colores en el

<script id="shaderVs" type="x-shader/x-vertex">

attribute vec4 a_Position; vertex Y va I"ying para EI
attribute vec4 a_Color; :
varying highp vec4 v_Color; CO|OI‘ Va”able en EI fragment)

void main() {

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
i
I
! gl _Position = a_Position; _T___:Zi//////,///'
| v_Color = a_Color; !
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
1

}

</script>

<script id="shaderFs" type="x-shader/x-fragment">
varying highp vec4 v_Color;
void main() {
gl FragColor = v_Color;
}

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
</script> |
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

<script>
function init() {
/...
}

</script>

</html>
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function initBuffers(gl) {
// Vertices
var dim = 3;
var vertices = new Float32Array([-0.6, -0.6, 0.0, // ©
-0.6, 0.6, 0.0, // 1
0.6, 0.6, 0.0, // 2
0.6, -0.6, 0.0, // 3
;s
gl.bindBuffer(gl.ARRAY_BUFFER, gl.createBuffer());
gl.bufferData(gl.ARRAY_BUFFER, vertices, gl.STATIC_DRANW);
var vertexPositionAttribute = gl.getAttribLocation(gl.program, "a Position");
gl.enableVertexAttribArray(vertexPositionAttribute);
gl.vertexAttribPointer(vertexPositionAttribute, dim, gl.FLOAT, false, 0, 0);

// Colors
var color
1.

new Float32Array([

S e
, 0.0, 0
, 1.0, ©

0.0, 1

0.0, 1

)
)
)

) )

(SRR
(SRR R R
(SRR )

R oo

) ) )

1)
gl.bindBuffer(gl.ARRAY_BUFFER, gl.createBuffer());
gl.bufferData(gl.ARRAY_BUFFER, colors, gl.STATIC_DRANW);

var vertexColorAttribute = gl.getAttribLocation(gl.program, "a_Color"); L-Ei (ijEBr€3r1(3I51 FJrIr](:IF)EiI EBSS EBI

gl.enableVertexAttribArray(vertexColorAttribute); F's =
gl.vertexAttribPointer(vertexColorAttribute, dim, gl.FLOAT, false, 0, 0); l]f;() (jea If](jl(BEBES F)Eirfi

// Indices seleccionar los vértices.

var indices = new Uintl6Array([

o 1, 2, Estos vértices se especifican

0, 2, 3, .
1y usando un buffer de tipo
gl.bindBuffer(gl.ELEMENT_ARRAY_BUFFER, gl.createBuffer());

gl.bufferData(gl.ELEMENT_ARRAY_BUFFER, indices, gl.STATIC_DRAW); gl J E LEMENT_ARRAY_BUFFER
// Return number of vertices
return indices.length;
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function init() {
// Get canvas object from the DOM
var canvas = document.getElementById("myCanvas");

// Init WebGL context
var gl = canvas.getContext("webgl");

if (lgl) {
console.log("Failed to get the rendering context for WebGL");
return;

}

i // Init shaders

| var vs = document.getElementById( 'shaderVs').innerHTML;
i var fs = document.getElementById( 'shaderFs').innerHTML;
| if (!initShaders(gl, vs, fs)) {

i console.log('Failed to intialize shaders."');

i return;

}

// Clear canvas
gl.clearColor(0.0, 0.0, 0.0, 1.90);
gl.clear(gl.COLOR_BUFFER_BIT);

// Tnit buffers El método de dibujo es

var n = initBuffers(gl); diferente en este
if (n < 0) { -
console.log('Failed to init buffers'); eJempIO- Se usa el
} return; método drawElements

// Draw ___i21’,,//’T’

gl.drawElements(gl.TRIANGLES, n, gl.UNSIGNED_SHORT, 9);


https://github.com/bonigarcia/webgl-examples
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10. Resumen

- WebGL define una APl JavaScript para la
generacion de graficos en 3D en navegadores
web

- Los graficos WebGL se dibujan en el
navegador usando la etiqueta HTML5
<canvas>

- WebGL usa unos programas en lenguaje
GLSL que se ejecutan la GPU de un
ordenador llamados shaders
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10. Resumen

- Hay dos tipos de shaders:
- Vertex shader: Procesado de los vértices (puntos

geometricos de

modelo 3D)

- Fragment shader: Procesado de los pixeles que se
renderizan en base a los vértices y la primitiva de
dibujo (g1.POINTS, g1.TRIANGLES, etc)

cccccccc

SS-II‘I Fragment Processin,

i1.1) i11)

L
{-0.5,-0.5)

L] [ i
{0.5,-0.5) (<0.5,-0.5) [00.5,-0.5)

(-1-1)
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10. Resumen

- La comunicacion entre codigo JavaScript (AP
WebGL) y los shaders se realiza en base a variables
globales GLSL.:

- attribute: Parametros definidos por vértice. Se comunican a
traves de un buffer. Su valor puede variar durante la ejecucion del
metodo draw

- uniform: Parametros definidos por primitiva. Su valor es constante
durante la ejecucion del método draw

- La comunicacion entre vertex y fragment shader se

realiza usando variables globales GLSL.:

- varying: Parametros definidos por fragmento. Su valor puede ser
variable
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