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GyV3D - 8. Creacion de gréaficos 3D con Three.js

1. Introduccidn — Librerias graficas

- Hasta el momento hemos aprendido a
generar graficos (interactivos) usando
directamente la APl WebGL (JavaScript)

- Este procedimiento se puede considerar de
bajo nivel, ya que tenemos que trabajar
directamente con los shaders en GLSL

- En la actualidad existen multitud de librerias
JavaScript gue proporcionan mecanismos de
alto nivel para la creacion de graficos 3D
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1. Introduccion — Librerias graficas

- Algunas de estas librerias son:

- Three.|s three. js
- Babylon.js W babylon.JS

- Cannon.js camonie
pper . CopperLicht

- Phoria.|s ~
- Scene.js j scenejs

] Iﬂhﬂriﬂ 3D Engine for the Web
« D3.]S
ol : N
LightGL.|s ‘ seen.js

- Seen.|s



https://threejs.org/
https://www.babylonjs.com/
http://www.cannonjs.org/
https://www.ambiera.com/copperlicht/
http://www.kevs3d.co.uk/dev/phoria/
http://scenejs.org/
https://d3js.org/
https://github.com/evanw/lightgl.js/
http://seenjs.io/
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1. Introduccion — Three.|s

- Three.js es una libreria de cddigo abierto
(licencia MIT) que permite crear graficos
WebGL de manera sencilla

- Fue creada inicialmente en 2010 por
Ricardo Cabello (Mr.Doob)

https://threejs.orqg/

https://github.com/mrdoob/three.js/



https://threejs.org/
https://github.com/mrdoob/three.js/
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2. Conceptos basicos — Carga de la libreria

- El primer paso para poder usar Three.|s
consiste en incorporar la libreria en nuestra
pagina web. Podemos enlazar la libreria:

- De forma local, descargada desde el repositorio
GitHub o mediante NPM (Node.|s Package
Manager):

- De forma remota, usando una CDN (content
delivery network):
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2. Conceptos basicos — Terminologia

- El elemento de alto nivel que engloba nuestro
grafico 3D realizado con Three.|s se denomina

Toda la API Three.|s es accesible
a traveés del objeto THREE

escena. 4

- El elemento que permite generar graficos
dentro de la escena se conoce como

renderizador (renderer): . y —
Nna opcion comun a

crear el renderizador es

var renderer = new THREE.WebGLRenderer({ activar el suavizado de

! antialias : true | . A
1) | bordes (antialiasing)
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2. Conceptos basicos — Terminologia
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2. Conceptos basicos — Terminologia

- Una escena estara formada por un conjunto de
mallas poligonales (mesh)

- Una malla es un elemento formado a su vez por un
conjunto de vértices llamado geometria mas un
material (color o textura)

ivar mesh = new THREE.Mesh(geometry, material);
. scene.add(mesh); '




GyV3D - 8. Creacion de gréaficos 3D con Three.js

2. Conceptos basicos — Terminologia

- Las objetos de escena en Three.|s (mallas, se
Implementan mediante objetos de tipo Object3D

- Algunas propiedades/métodos importantes son:

Scene Graph

position Posicion (X, Y, z)
rotation Giro (X, Y, 2)
scale Escala (x Y, Z)

Anadir Geometry
clone Clonar o ey
lookAt Mirar (rotar para encarar)
remove Eliminar

https://threejs.org/docs/#api/en/core/Object3D



https://threejs.org/docs/#api/en/core/Object3D
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2. Conceptos basicos — Terminologia

- Ademas, sera necesario especificar el tipo de
proyeccion (denominada camara):

———————————————————————————————————————————————————————————————————————————————————————————————————

invisible Dbfects

TTT foutside frustem) M

Los parametros del campo de

* | vision es perspectiva (frustum,
; tronco piramidal) son:
y - fov: Angulo en grados de la

7 - ratio: Relacion de aspecto

(ancho / alto)
ksl Y 4 . - near: Plano de recorte cercano

P - far : Plano de recorte lejano

Foa
6}‘ Far Clipping Plane
F 1

Perspoctiva Camara
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2. Conceptos basicos — Terminologia

- Finalmente, el método render del objeto
renderizador nos permite realizar la
operacion de dibujado de la escena:

_________________________________________________

https://threejs.org/docs/#api/en/renderers/WebGLRenderer



https://threejs.org/docs/#api/en/renderers/WebGLRenderer
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2. Conceptos basicos — Coordenadas

- En Three.|s se usa un sistema de
coordenadas equivalente al de WebGL

Y Cada objeto en
.z Three.js tiene sus
x propias coordenadas
k locales, y en la escena
se habla de
i coordenadas globales

(world coordinates)

The origin
--=" (0,0, 0)

+ Z
{f‘

A \__ (0,0, 10)

Your Screen
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2. Conceptos basicos — Coordenadas

- Al crear una geometria tendremos gue
especificar sus coordenadas globales x, v, z

- El tamano con el que visualizamos las
geometrias dentro de la escena va a
depender de:

- La posicion de la camara

- La proyeccion de la camara (perspectiva,
ortogonal)
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2. Conceptos basicos — Coordenadas

- El angulo de la proyeccidon en perspectiva

(FOV,

Field of View) define el angulo del

area de visualizacion

*SU va

or va a ser determinante a la hora del

tamano real en el que se perciben las
geometrias renderizadas
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2. Conceptos basicos — Coordenadas

« El FOV de los humanos es de unos 120°

- Los juegos de videoconsola se suelen disenan con
un FOV de 40-60°

- Los juegos de PC se suelen disenar con un FOV de
90° ya que la pantalla esta mas cercana al usuario

- En los siguientes ejemplos vamos a usar este valor para
el FOV de la camara en perspectiva

- Por convencion, 1 unidad de las coordenadas en
Three.|s se entiende como 1 metro
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<IDOCTYPE html>
<html>

<head>
<title>Three.js: Hello World</title>

<script src="https://cdnjs.cloudflare.com/ajax/Libs/three.js/103/three.min.js"></script>

<script>
function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©0.01, 100);

camera.position.z = 5;

var geometry = new THREE.BoxGeometry(2, 2, 2);
var material = new THREE.MeshNormalMaterial();
var mesh = new THREE.Mesh(geometry, material);
scene.add(mesh);

var renderer = new THREE.WebGLRenderer({
antialias : true

1)

renderer.setSize(sceneWidth, sceneHeight);
document.body.appendChild(renderer.domElement);

animate(mesh, renderer, scene, camera);

}
/] ..

</script>
</head>

<body onload="init()">
</body>

</html>

[ Hello Threejs Worid x o+

< C @ File | Dy/projects/webgl-examples/three js/hello

-world.html * ;



https://github.com/bonigarcia/webgl-examples
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2. Conceptos basicos — Hola mundo Q)

<script>

function animate(mesh, renderer, scene, camera) {
mesh.rotation.x += 0.01;
mesh.rotation.y += 0.02;

renderer.render(scene, camera);

requestAnimationFrame(function() {
animate(mesh, renderer, scene, camera);
})s
}

</script>
</head>

Como haciamos habitualmente, usamos
la funcion requestAnimationFrame
para redibujar nuestra escena



https://github.com/bonigarcia/webgl-examples
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<IDOCTYPE html> |

<html> | 3
1
1

<head> <
<title>Three.js: Hello World with canvas</title>

<script src="https://cdnjs.cloudflare.com/ajax/Libs/three.js/103 -réir11k)iéér] F)C)(jEErT]()ES F)Eirtir (jea LJr] (:Eir]\/EiES

<script> H Zp
function init() { ya existente en nuestra pagina web
var scene = new THREE.Scene();
var myCanvas = document.getElementById("myCanvas");
var sceneWidth = myCanvas.width;
var sceneHeight = myCanvas.height;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.z = 5;

[3 Hello Threejs World x 4

var geometry = new THREE.BoxGeometry(2, 2, 2);
var material = new THREE.MeshNormalMaterial();
var mesh = new THREE.Mesh(geometry, material);
scene.add(mesh);

<« C @ File | Di/projects/webgl-examples/threejs/hello-world-with-canvas.htm| ¥ ;

var renderer = new THREE.WebGLRenderer({
antialias : true,
canvas : myCanvas

1)

animate(mesh, renderer, scene, camera);

}
/] ..

</script>
</head>

<body onload="init()">

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



https://github.com/bonigarcia/webgl-examples
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GyV3D - 8. Creacion de gréaficos 3D con Three.js

3. Geometrias

- Three.js ofrece una gran variedad de
geometrias listas para ser usadas: esferas,
cubos, cilindros, etc

- La documentacion de e
Three.js es una buena
referencia para las =
geometrias

https://threejs.org/docs/index.html#api/en/geometries/BoxBufferGeometry



https://threejs.org/docs/index.html#api/en/geometries/BoxBufferGeometry

GyV3D - 8. Creacion de gréaficos 3D con Three.js

3. Geometrias

- Hay 2 tipos de geometrias (desde un punto
de vista funcional, ambas son iguales):

<Name>BufferGeometry |<Name>Geometry

Descripcion Geometria implementada Geometria implementada
con arrays JavaScript de  con objetos propios de

tipo Float32Array Three.js (Vec3, Color)
Ventaja Mas eficiente Mas sencilla de modificar
(incluir nuevos vértices, etc.)
Inconveniente Mas compleja de Menos eficiente
modificar

https://threejs.org/docs/#api/en/core/Geometry

https://threejs.org/docs/#api/en/core/BufferGeometry



https://threejs.org/docs/#api/en/core/Geometry
https://threejs.org/docs/#api/en/core/BufferGeometry
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3. Geometrias

BoxBufferGeometry

Cubo
BoxGeometry
CircleBufferGeometry ,

: Circulo

CircleGeometry
ConeBufferGeometry

Cono
ConeGeometry
CvlinderBufferGeometry -
CylinderGeometry Cilindro
DodecahedronBufferGeometry

Dodecaedro
DodecahedronGeometry
ExtrudeBufferGeometry Ortoedro con bordes
ExtrudeGeometry extruidos
IcosahedronBufferGeometry

Icosaedro

IcosahedronGeometry



https://threejs.org/docs/api/en/geometries/BoxBufferGeometry.html
https://threejs.org/docs/api/en/geometries/BoxGeometry.html
https://threejs.org/docs/api/en/geometries/CircleBufferGeometry.html
https://threejs.org/docs/api/en/geometries/CircleGeometry.html
https://threejs.org/docs/api/en/geometries/ConeBufferGeometry.html
https://threejs.org/docs/api/en/geometries/ConeGeometry.html
https://threejs.org/docs/api/en/geometries/CylinderBufferGeometry.html
https://threejs.org/docs/api/en/geometries/CylinderGeometry.html
https://threejs.org/docs/api/en/geometries/DodecahedronBufferGeometry.html
https://threejs.org/docs/api/en/geometries/DodecahedronGeometry.html
https://threejs.org/docs/api/en/geometries/ExtrudeBufferGeometry.html
https://threejs.org/docs/api/en/geometries/ExtrudeGeometry.html
https://threejs.org/docs/api/en/geometries/IcosahedronBufferGeometry.html
https://threejs.org/docs/api/en/geometries/IcosahedronGeometry.html
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3. Geometrias

L atheBufferGeometry Vaso
LatheGeometry
OctahedronBufferGeometry Octaedro

OctahedronGeometry

Funcion paramétrica

ParametricBufferGeometry (una botella de Klein

ParametricGeometry :

en el ejemplo)
PlaneBufferGeometry

Plano
PlaneGeometry
R!anuﬁerGeometrv Anillo
RingGeometry
ShapeBufferGeometry Linea poligonal (un

ShapeGeometry corazon en el ejemplo)



https://threejs.org/docs/api/en/geometries/LatheBufferGeometry.html
https://threejs.org/docs/api/en/geometries/LatheGeometry.html
https://threejs.org/docs/api/en/geometries/OctahedronBufferGeometry.html
https://threejs.org/docs/api/en/geometries/OctahedronGeometry.html
https://threejs.org/docs/api/en/geometries/ParametricBufferGeometry.html
https://threejs.org/docs/api/en/geometries/ParametricGeometry.html
https://es.wikipedia.org/wiki/Botella_de_Klein
https://threejs.org/docs/api/en/geometries/PlaneBufferGeometry.html
https://threejs.org/docs/api/en/geometries/PlaneGeometry.html
https://threejs.org/docs/api/en/geometries/RingBufferGeometry.html
https://threejs.org/docs/api/en/geometries/RingGeometry.html
https://threejs.org/docs/api/en/geometries/ShapeBufferGeometry.html
https://threejs.org/docs/api/en/geometries/ShapeGeometry.html
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3. Geometrias

SphereBufferGeometry

Esfera
SphereGeometry
TetrahedronBufferGeometry
TetrahedronGeometry Tetraedro
TextBufferGeometry

Texto
TextGeometry
TorusBufferGeometry

Toro
TorusGeometry
TorusKnotBufferGeometry Nudo
TorusKnotGeometry
TubeBufferGeometry Tubo

TubeGeometry



https://threejs.org/docs/api/en/geometries/SphereBufferGeometry.html
https://threejs.org/docs/api/en/geometries/SphereGeometry.html
https://threejs.org/docs/api/en/geometries/TetrahedronBufferGeometry.html
https://threejs.org/docs/api/en/geometries/TetrahedronGeometry.html
https://threejs.org/docs/api/en/geometries/TextBufferGeometry.html
https://threejs.org/docs/api/en/geometries/TextGeometry.html
https://threejs.org/docs/api/en/geometries/TorusBufferGeometry.html
https://threejs.org/docs/api/en/geometries/TorusGeometry.html
https://threejs.org/docs/api/en/geometries/TorusKnotBufferGeometry.html
https://threejs.org/docs/api/en/geometries/TorusKnotGeometry.html
https://threejs.org/docs/api/en/geometries/TubeBufferGeometry.html
https://threejs.org/docs/api/en/geometries/TubeGeometry.html
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3. Geometrias

- Las geometrias WireframeGeometry y
EdgesGeometry se usan como auxiliares (helpers)

<script>
function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.set(3, 3, 3);
camera.lookAt(scene.position);

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

i

' var geometry = new THREE.SphereBufferGeometry(2, 20, 20);
' var wireframe = new THREE.WireframeGeometry(geometry);
' var sphere = new THREE.LineSegments(wireframe);
' sphere.material.color = { r:1, g:1, b:1 };
' sphere.material.transparent = true;
' sphere.material.opacity = 0.5;
' scene.add(sphere);

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

var axes = new THREE.AxesHelper(3);
scene.add(axes);

var renderer = new THREE.WebGLRenderer({
antialias : true

s

renderer.setSize(sceneWidth, sceneHeight);
document.body.appendChild(renderer.domElement);

animate(sphere, renderer, scene, camera);

}

</script>



https://github.com/bonigarcia/webgl-examples
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3. Geometrias

- Ejemplo con varias geometrias:

<script> // Cube
function init() { var cubeGeometry = new THREE.BoxGeometry(4, 4, 4);
// Scene var cubeMaterial = new THREE.MeshBasicMaterial({

var scene = new THREE.Scene(); color : OxFF0000Q,

wireframe : true

1)

var cube = new THREE.Mesh(cubeGeometry, cubeMaterial);

// Renderer

var renderer = new THREE.WebGLRenderer();

var sceneWidth = window.innerWidth;

var sceneHeight = window.innerHeight;
renderer.setSize(sceneWidth, sceneHeight);
document.body.appendChild(renderer.domElement);

cube.position.set(-4, 3, 0);
scene.add(cube);

// Sphere
var sphereGeometry = new THREE.SphereGeometry(4, 20, 20);
var sphereMaterial = new THREE.MeshBasicMaterial({

color : Ox7777FF,

wireframe : true

| 1; ;

var axes = new THREE.AxesHelper(20);
scene.add(axes);

// Plane

var planeGeometry = new THREE.PlaneGeometry(60, 20);

var planeMaterial = new THREE.MeshBasicMaterial({
color : OxAAAAAA

1)

var plane = new THREE.Mesh(planeGeometry, planeMaterial);

var sphere = new THREE.Mesh(sphereGeometry, sphereMaterial);

sphere.position.set(20, 4, 2);
scene.add(sphere);

// Camera

var camera = new THREE.PerspectiveCamera(90,
sceneWidth / sceneHeight, ©.01, 100);

camera.position.set(-20, 20, 20);

camera.lookAt(scene.position);

plane.rotation.x = -0.5 * Math.PI;
plane.position.set(15, 9, 9);

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
! // Axes helper
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
! scene.add(plane);

// Render
renderer.render(scene, camera);

}

</script>



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

GyV3D - 8. Creacion de gréaficos 3D con Three.js

Indice de contenidos

4. Texturas



GyV3D - 8. Creacion de gréaficos 3D con Three.js

4. Texturas

- El proceso de texturizacion interno de
Three.js es el que hemos visto en WebGL
(las coordenadas u,v de una imagen se
mapean en un conjunto de vértices)

’.---[1‘1,1.1;']
£

#_---| (1,-1, 1)
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4. Texturas

- Three.js proporciona una coleccion de objetos textura

con diferentes propiedades
- Algunas de las mas importantes son:

Afectada por luz

MeshBasicMaterial

MeshlLambertMaterial

MeshPhongMaterial

MeshStandardMaterial

MeshPhysicalMaterial

Textura basica No
Textura para superficies no

brillantes S|

Textura para superficies )
: Si

brillantes

Textura para superficies con S

brillo metalico

Textura para superficies con
brillo metalico con mayor Si
control de la reflexividad


https://threejs.org/docs/api/en/materials/MeshBasicMaterial.html
https://threejs.org/docs/api/en/materials/MeshLambertMaterial.html
https://threejs.org/docs/api/en/materials/MeshPhongMaterial.html
https://threejs.org/docs/api/en/materials/MeshStandardMaterial.html
https://threejs.org/docs/api/en/materials/MeshPhysicalMaterial.html
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4. Texturas

<script>
function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.z = 5;

var geometry = new THREE.BoxGeometry(2, 2, 2);

var texture = new THREE.TextureLoader().load("texture.png")
var material = new THREE.MeshBasicMaterial({
map : texture

var mesh = new THREE.Mesh(geometry, material);
scene.add(mesh);

var renderer = new THREE.WebGLRenderer({
antialias : true

s

renderer.setSize(sceneWidth, sceneHeight);
document.body.appendChild(renderer.domElement);

animate(mesh, renderer, scene, camera);

}

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
| })s
:
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
: .
| </script>

En la textura MeshBasicMaterial
Nno es necesario incluir un punto
de luz en la escena



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

GyV3D - 8. Creacion de gréaficos 3D con Three.js

4. Texturas

<script>

function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);

camera.position.z = 5;

var geometry = new THREE.BoxGeometry(2, 2, 2);

var texture = new THREE.TextureLoader().load("texture.png")
var material = new THREE.MeshStandardMaterial({

map : texture

s

var mesh = new THREE.Mesh(geometry, material);

scene.add(mesh);

var light = new THREE.DirectionallLight(exffffff, 3.0);

light.position.set(10, 10, 10);
scene.add(light);

var renderer = new THREE.WebGLRenderer({
antialias : true

1)

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

animate(mesh, renderer, scene, camera);

}
</script>

Para el resto de texturas si que es
necesario incluir un punto de luz
en la escena



https://github.com/bonigarcia/webgl-examples
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GyV3D - 8. Creacion de gréaficos 3D con Three.js

<IDOCTYPE html>

<html>

<head>

<title>Three.js: Repeated textures (basic material)</title>

<script src="https://cdnjs.cloudflare.com/ajax/Libs/three.js/103/three.min.js"></script>

<script>
function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.z = 5;

var geometry = new THREE.BoxGeometry(2, 2, 2);
var texture = new THREE.TextureLoader().load("wood.png")

var material = new THREE.MeshBasicMaterial({
map : texture

1 , ) !

material.map.repeat.set(2, 2); . ] . )

material.map.wrapS = THREE.RepeatWrapping; En este ejemplo se realizan configuraciones

material.map.wrapT = THREE.RepeatWrapping; 0 o

material.side = THREE.DoubleSide; ad|C|OnaIeS en Ia teXtura:

ZignZ?:zd?mzzﬁ)jHREE'MeSh(geometry’ material); - Repeticién (2, 2)2 Método repeat

var renderer = new THREE.WebGLRenderer({ B Wraps (Repeatwrapplng)' M?tOdO Wr‘aps
antialias : true - WrapT (RepeatWrapping): Método wrapT

P - Cara visible (DoubleSide): Método side

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

animate(mesh, renderer, scene, camera);


https://github.com/bonigarcia/webgl-examples
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4. Texturas

- Al igual que ocurria en WebGL, la carga de
Imagenes en Three.js es asincrona

- El método load de TextureLoader acepta tres
funciones callback

___________________________________________________________________________________________________________

.load ( url : String, onLoad : Function, onProgress :

Callback que se ejecuta Callback que se ejecuta Callback que se
cuando termina la carga durante la carga de la ejecuta en caso
de la imagen imagen de error

- Las texturas en los ejemplos gque hemos visto
nasta ahora se visualizan correctamente porque se
nace uso de requestAnimationFrame

https://threejs.org/docs/index.html#api/en/loaders/TextureLoader
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5. Camaras - Perspectiva

- Ejemplo con cadmara en perspectiva y controles:

<!DOCTYPE html> !
<html> |

<head>

<title>Three.js: Perspective camera with controls</title> En este ejemplo aﬁadimos un Cuadro
(styles de controles usando la libreria dat.gui
* { (https://github.com/dataarts/dat.qui)

margin: Opx;

} V
</style>

<script src="https://cdnjs.cloudflare.com/ajax/Libs/three.js/103/three.min.js"></script>
<script src="https://cdnjs.cloudflare.com/ajax/Libs/dat-gui/6.7.6/dat.gui.min.js"></script>

<script> [ & s
// ... -

</script>

</head>

<body onload="init()">
</body>

</html>



https://github.com/bonigarcia/webgl-examples
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5. Camaras - Perspectiva

- Ejemplo con cadmara en perspectiva y controles:

!/

var

Control

control = new function() {
this.fov = camera.fov;
this.aspect = camera.aspect;
this.far = camera.far;
this.near = camera.near;

this.update = function() {
camera.fov = control.fov;
camera.aspect = control.aspect;
camera.near = control.near;
camera.far = control.far;
camera.updateProjectionMatrix();

gui = new dat.GUI();

i.add(control, 'fov', @, 180).onChange(control.update);
i.add(control, 'aspect', @, 4).onChange(control.update);
i.add(control, 'near', 0, 40).onChange(control.update);
i.add(control, 'far', @, 1000).onChange(control.update);

Creamos un objeto JavaScript con las
propiedades que queremos que sean
modificables de la interfaz de usuario
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5. Camaras - Ortogonal

- Ejemplo con camara ortogonal:

<script>

function init() {
var scene = new THREE.Scene();
var sceneWidth = 800;
var sceneHeight = 800;

var camera = new THREE.OrthographicCamera(); Y rem— G
camera.left = sceneWidth / -2; | € 5 © @ otk eartsames st > @
camera.right = sceneWidth / 2;
camera.top = sceneHeight / 2;
camera.bottom = sceneHeight / -2;
camera.near = 0.1;

camera.far = 300;
camera.position.z = 10;

var geometry = new THREE.BoxGeometry(0.5, 0.5, 0.5);
var material = new THREE.MeshNormalMaterial();

var mesh = new THREE.Mesh(geometry, material);
scene.add(mesh);

var renderer = new THREE.WebGLRenderer({
antialias : true

})s

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

animate(mesh, renderer, scene, camera);

}
</script>
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o. lluminacion

- Three.js proporciona una coleccion de objetos para
crear puntos de luz con diferentes propiedades

- Algunas de las mas importantes son:

AmbientLight Luz ambiental No
DirectionalLight Luz direccional Si

PointLight Luz puntual Si



https://threejs.org/docs/api/en/lights/AmbientLight.html
https://threejs.org/docs/api/en/lights/DirectionalLight.html
https://threejs.org/docs/api/en/lights/PointLight.html
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6. lluminacién D)

[ Threejs: Ambient light X + [ Threejs: Directional light X + [ Threejs: Spot light X + i

& C @ localhost:8080/three.js/lig. g ; H “ C @ localhost:8080/three,js/lig. wr ; H “— C @ localhost:8080/three.js/lig. g ;

Close Controls Close Conirols

[

AmbientLight DirectionalLight PointLight
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https://threejs.org/docs/api/en/lights/AmbientLight.html
https://threejs.org/docs/api/en/lights/DirectionalLight.html
https://threejs.org/docs/api/en/lights/PointLight.html
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<IDOCTYPE html>

<html> \\
<head> [ Threejs Ambientlight % + - E X N
<title>Three.js: Ambient light</title> & G © localhosts * §

<script src="https://cdnjs.cloudflare.com/ajax/Libs/three.js/103/three.min.js"></script>

<script>
function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.set(0, -10, 15);
camera.lookAt(scene.position);

var renderer = new THREE.WebGLRenderer ({
antialias : true

1

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

var render = function() {
renderer.render(scene, camera);

¥ . e
Creamos una variable que contendra la
ddLight K 5 & . 7
N Srearetcam. funcién para renderizar la escena (se usara
, 2ddrloor(scene, render); como callback en la carga de la textura)
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function addLight(scene) {

}

function addSphere(scene) {

}

var light = new THREE.AmbientLight(@xFFFFFF);
scene.add(light);

Anadimos luz ambiental
blanca (6xFFFFFF)

var geometry = new THREE.SphereGeometry(1l, 20, 20);
var material = new THREE.MeshNormalMaterial();
var mesh = new THREE.Mesh(geometry, material); <<::%

Anadimos una esfera

mesh.position.z = 1;

scene.add(mesh);

function addFloor(scene, render) { <<::%

}

Anadimos un plano

var geometry = new THREE.PlaneGeometry(10, 20);
var texture = new THREE.TextureLoader().load("wood.png
var material = new THREE.MeshPhysicalMaterial({

map : texture

})s

material.map.wrapS = material.map.wrapT = THREE.RepeatWrapping;

material.map.repeat.set(4, 4);

material.side = THREE.DoubleSide;

var mesh = new THREE.Mesh(geometry, material);
scene.add(mesh);

</script>
</head>

<body onload="init()">
</body>

</html>

_______________________________________________________________________________

", render);
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function init() {
var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, 0.01, 100);
camera.position.set(9, -10, 15);

camera.lookAt(scene.position); HabllltamOS el efeCtO de
var‘a:iggiri‘:rs‘ = :;e‘\deTHREE.WebGLRender‘er‘({ Sombra en 6| I‘enderer
) (shadowMap.enabled =

renderer.shadowMap.enabled = true;
renderer.setSize(sceneWidth, sceneHeight); 1:r‘LJEE)
document.body.appendChild(renderer.domElement);
var render = function() {

renderer.render(scene, camera);

[ Threejs: Directional light X +

& > C @ localhost:8080/threejs/lig. g ;

1

addsphere(scene) ; Anadimos un control para

addFloor(scene, render);

// control activar/desactivar el helper
var control = new function() { F)Eirfi IEi zona (jEE ESC)rT]t)réi

this.lightHelper = false;

this.update = function() {
if (control.lightHelper) {
scene.add(helper);
} else {
scene.remove(helper);

: |
1 1
! |
1 1
1 1
! |
1 1
1 1
! |
1 1
1 1
! |
1 1
1 1
| |
1 1
1 1
! |
1 1
1 1
! |
1 1
1 1
! |
1 1
1 1
! |
: . :
! var helper = addLight(scene); |
i i
! |
1 1
1 1
! |
1 1
1 1
| |
1 1
1 1
! |
1 1
1 1
! |
1 1
1 1
! |
! ) !
: render(); '
| } :
| }; |
' var gui = new dat.GUI(); |
E gui.add(control, 'lightHelper', true, false).onChange(control.update); i
1 1
1 1
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function addLight(scene) {

var light = new THREE.DirectionallLight(); Aﬁadlmos qu dlf@CClonaI que produce \\

light.position.set(4, 4, 4);

L e e _ o sombra (castShadow = true). El area
11gnt. shadow. canera. far, = 16; de sombra con mismos parametros

light.shadow.camera.left = -8;

light.shadow.camera.right = 5; 1A

Liont shadow. camera o = 10, < usados en la proyeccion ortogonal
light.shadow.camera.bottom = -10; ( 3 )
light.shadow.mapSize.width = 4096; near\’ -Far" le-Ft’ r‘lght’ top’ bOttom
light.shadow.mapSize.height = 4096;
scene.add(light);

var helper = new THREE.CameraHelper(light.shadow.camera);
return helper;

}

function addSphere(scene) {

var geometry = new THREE.SphereGeometry(1l, 20, 20); Aﬁadlmos una esfera que produce

var material = new THREE.MeshNormalMaterial();
var mesh = new THREE.Mesh(geometry, material); ( - )
e e TR sombra (castShadow = true
mesh.castShadow = true;
scene.add(mesh);

}

function addFloor(scene, render) {
var geometry = new THREE.PlaneGeometry(10, 20);
var texture = new THREE.TexturelLoader().load("wood.png", render);
var material = new THREE.MeshPhysicalMaterial({
map : texture

1)

material.map.wrapS = material.map.wrapT = THREE.RepeatWrapping;

material.map.repeat.set(4, 4);

terial.side = THREE.DoubleSide; ~ i H
sgregzzh zln:w THREE.MeEE(g:o;eEry, material); /\f]Ei(jer1()ES un F)IEir]() (JLJEE FEE(ZIt)EE
mesh.receiveshadow = true; sombra (receiveShadow = true)
scene.add(mesh);

_______________________________________________________________________________
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function addLight(scene) {
var spotLight = new THREE.SpotLight();
spotLight.position.set(-10, 10, 10);
spotLight.angle = Math.PI / 12;
spotLight.castShadow = true;
spotLight.shadow.camera.visible = true;
spotLight.shadow.camera.near = 10;
spotLight.shadow.camera.far = 25;
spotLight.shadow.camera.fov = 30;
spotLight.shadow.camera.aspect = 1;
spotLight.shadow.mapSize.width = 4096;
spotLight.shadow.mapSize.height = 4096;
scene.add(spotLight);

var ambientLight = new THREE.AmbientLight(@xFFFFFF);
scene.add(ambientLight);

var helper = new THREE.CameraHelper(spotLight.shadow.camera);
return helper;

Anadimos luz puntual que produce sombra
(castShadow = true). El area de sombra
con mismos parametros usados en la
proyeccion en perspectiva (near, far, fov,
aspect). En este ejemplo ademas
afadimos luz ambiental (para poder
visualizar fuera del punto de luz)
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7. Animacion

« Para animar una escena usamos la funcion
JavaScript requestAnimationFrame()

- Cuando el navegador puede redibujar,
ejecutaremos una funcidn

- Tipicamente modificaremos alguno de los
atributos (posicion, color, etc.) de uno o varios
elementos de escena (mallas, luz, etc.)

- La interactividad se consigue capturando
eventos de usuario y usandolos para
caracterizar la animacion
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function init() { [0 Threejs: Animated object x [ N
var scene = new THREE.Scene(); <« C @ localhost8080/threejsfanimation-.. % () i S
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.set(@, -10, 15);
camera.lookAt(scene.position);

var renderer = new THREE.WebGLRenderer({
antialias : true

1

renderer.shadowMap.enabled = true;

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

|

' var light = getlLight();
' var sphere = getSphere();
' var floor = getFloor();
' scene.add(light);
' scene.add(sphere);
' scene.add(floor);
|

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

animate(sphere, renderer, scene, camera);

}

function animate(sphere, renderer, scene, camera) {
sphere.position.y = 10 * Math.cos(counter);
sphere.position.z = 1 + 3 * Math.abs(Math.sin(counter))

renderer.render(scene, camera); Creamos una an|maC|én
counter += 0.02; 5 5 -
estacionaria usando funciones
requestAnimationFrame(function() { . -
animate(sphere, renderer, scene, camera); sinusoidales de las coordenadas y, z

s
} de la esfera
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3
var speed = 0.2; | \ 06 R\
! 3
. . . 1 \\
function init() { — %
var scene = new THREE.Scene(); B Threess: Animated ight * A
var sceneWidth = window.innerWidth; € C O localhost8080/threejs/animation-.. ¥ () i N

var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.set(@, -10, 15);
camera.lookAt(scene.position);

var renderer = new THREE.WebGLRenderer({
antialias : true

1

renderer.shadowMap.enabled = true;

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

|

' var light = getLight();
' var sphere = getSphere();
' var floor = getFloor();
' scene.add(light);
' scene.add(sphere);
' scene.add(floor);
1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

animate(light, renderer, scene, camera);

}

function animate(light, renderer, scene, camera) {
if (Math.abs(light.position.y) > 8) { !
speed *= -1; ,

} .
Light.position.y += speed; Variamos la coordenada y de la

renderer.render(scene, camera); i -
osestAninationrrane(function() | direccion de la luz dentro de un rango
animate(light, renderer, scene, camera); )/ a una \/Eal()(:i(jfi(j (jEEtEErrT]ir]Ei(jEi

1)
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7. Animacion - Deteccion de colision

- La deteccion de colisiones en Three.|s se
puede conseguir mediante ray casting

« Esta técnica se basa en el calculo de la
Interseccidon rayo-superficie

- Three.js proporciona la funcion Raycaster

@ Distance l
|
, World Coordin Q
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var stepX = 0.15; ! \ 06 "N
var stepY = 8.25; : 8

[} Threejs: Collision detection x  + - 2 = \\\
function init() { e C @ localhostB080/threejs/animation-.. ¥r (g \\\

var scene = new THREE.Scene();
var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceneWidth / sceneHeight, ©.01, 100);
camera.position.set(@, -10, 15);
camera.lookAt(scene.position);

var renderer = new THREE.WebGLRenderer({
antialias : true

3

renderer.shadowMap.enabled = true;

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

var leftBorder = getBorder("left", 1, 20, 2, -5, 0, 0);
var rightBorder = getBorder("right", 1, 20, 2, 5, 0, 0);
var topBorder = getBorder("top", 11, 1, 2, 0, 10, 0);
var downBorder = getBorder("down", 9, 1, 2, @, -9.5, 0);
var sphere = getSphere();

var floor = getFloor();

scene.add(light);
scene.add(leftBorder); i

scene.add(rightBorder);

scene.ajjgsopBgr‘djr‘);. En eSte EJemplo aﬁadImOS
sceneiajjgihep?; ’ bordes al plano original. Se
' ’ guardan estos 4 bordes un array

para realizar el ray casting

var borders = [ leftBorder, rightBorder, topBorder, downBorder ]

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
' var light = getLight();
|
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
1
! animate(sphere, borders, renderer, scene, camera);
1
1
1
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function animate(sphere, borders, renderer, scene, camera) { N
checkCollision(sphere, borders); Y‘ Antes de reahzar |a \\\
sphere.position.x += stepX; - v N
sphere.position.y += stepy; animacion, llamamos a la
renderer.render(scene, camera); funC|én Ch@CkCOlliSion()
requestAnimationFrame(function() { = L
})'animate(spher‘e, borders, renderer, scene, camera); En pr|me|’ Iugar Calculamos un

y vector en la direccion de cada

function checkCollision(sphere, borders) { vértice de la malla gue queremos
var originPosition = sphere.position.clone(); S8

detectar colisidon

var directionVector = globalVertex.sub(sphere.position);
var ray = new THREE.Raycaster(originPosition, directionVector.clone().normalize());
var collisionResults = ray.intersectObjects(borders);
if (collisionResults.length > @ && collisionResults[@].distance < directionVector.length()) {
// Collision detected
if (collisionResults[@].object.name == "left" || collisionResults[@].object.name == "right") {
stepX *= -1;

T
1
1
1
1
1
1
1
1
1
1
1
1
|
} |
if (collisionResults[@].object.name == "down" || collisionResults[@].object.name == "top") { |
stepY *= -1;

} o
break; Creamos un objeto

} THREE.Raycaster y calculamos la
--------------------------------------------------------------------- interseccion con la lista de objetos
que puede colisionar

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
|
1
! for (var i = @; i < sphere.geometry.vertices.length; i++) {
! var localVertex = sphere.geometry.vertices[i].clone(); _:;;;;Effi//”””,,,———'
! var globalVertex = localVertex.applyMatrix4(sphere.matrix);
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
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7. Animacion - Motor fisico

- Un motor fisico es un software capaz de realizar
simulaciones de leyes fisicas tales como la dinamica,
movimiento, colision, etc.

- Three.js no proporciona de forma nativa ningun
motor fisica

- Existen diferentes librerias que pueden ser utilizadas
como motor fisico de Three.js, por ejemplo:

« Cannon.|s

- Physijs (basado en ammo.js). Vamos a ver un ejemplo de
esta libreria



http://www.cannonjs.org/
http://chandlerprall.github.io/Physijs/
https://github.com/kripken/ammo.js/
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7. Animacion - Motor fisico

————————————————————————————————————————————————— Hemos incorporado |-

<!DOCTYPE html> i , .
<html> las librerias physi.js,
z:j‘ac(;;ﬂhr'ee.js: Using a physics engine</title> phySIJS—WorkerJS y
. ammao.jS en nuestro
“ proyecto

margin: opx;

¥
</style>

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

|

| <script src="https://cdnjs.cloudflare.com/ajax/Libs/three.js/103/three.min.js"></script>

| <script src="https://cdnjs.cloudflare.com/ajax/Llibs/dat-qui/0.7.6/dat.gui.min.js"></script>
i <script src="js/physi.js"></script>
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

<script>
Physijs.scripts.worker = 'js/physijs_worker.js’;
</script> s .
</head> Los calculos realizados por
<hody anload="intt()"> physi.js se realizan en un hilo
</body> -
o secundario (web worker)
< mi>
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function init() {

var scene = new Physijs.scene; Nuestra escena sera ahora

scene.setGravity(new THREE.Vector3(9, -10, 0)); \

de tipo Physijs.Scene

var sceneWidth = window.innerWidth;
var sceneHeight = window.innerHeight;

var camera = new THREE.PerspectiveCamera(90, sceng

canera.position.set(o, 10, 15); Se simula la fuerza de la gravedad
camera.lookAt(scene.position);
’ con un vector en la escena

var renderer = new THREE.WebGLRenderer({
antialias : true

1)

renderer.shadowMap.enabled = true;

renderer.setSize(sceneWidth, sceneHeight);

document.body.appendChild(renderer.domElement);

var light = getLight();

var leftBorder = getBorder("left", 1, 20, 5, -5, 0, 0);
var rightBorder = getBorder("right", 1, 20, 5, 5, 0, 0);
var topBorder = getBorder("top", 11, 1, 5, 0, 10, 0);
var downBorder = getBorder("down", 9, 1, 5, @, -9.5, 0);
var sphere = getSphere();

var floor = getFloor();

scene.add(light);
scene.add(leftBorder);
scene.add(rightBorder);

scene.add(topBorder);

scene. add(downborder); Anadimos un control para modificar la
scene. add(floor); gravedad desde la interfaz de usuario
// Control
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%,
Las mallas que estaran ‘\f?’z
oo oo controladas por el motor
I function getSphere() { o , . X
! var geometry = new THREE.SphereGeometry(1l, 20, 20); f|§5|(:() seran (j(; t|F)() N
! var material = new THREE.MeshNormalMaterial(); JB
! var mesh = new Physijs.BoxMesh(geometry, material); PhyS].J S. BOXMesh
! mesh.position.z = 1; :
! mesh.castShadow = true; - L
! mesh.name = "sphere"; A I
! mesh.addEventListener('collision', function(otherObject) { La COlISIOn en IOS Objetos
! console.log(otherObject.name); Physij S. BoxMesh se
! 1 ) .
: _ consigue registrando un
! return mesh; ;
) eventListener
| function getFloor() { |
| var geometry = new THREE.PlaneGeometry(1@, 20); |
| var mesh = new Physijs.BoxMesh(geometry, getWoodMaterial(), 0); |
| mesh.receiveShadow = true; |
i mesh.name = "floor"; |
i return mesh; !
) Los parametros de
| function getBorder(name, x, y, z, posX, posY, posZ) { e g -
| var geometry = new THREE.BoxGeometry(x, y, z); Phy51JS'BOXMeShson'
| var mesh = new Physijs.BoxMesh(geometry, getWoodMaterial(), 0); 1
| mesh.receiveShadow = true; i (:;EEC)rT]EEtrIEi
| mesh.position.set(posX, posY, posZ); :
| mesh.name = name; - PvﬂEitEBFIEi|
L, e nesh - Masa (0 si gueremos que
"""""""""""""""""""""""""""""""""""" no le afecte la gravedad ni
las colisiones)



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