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WebGL
 Subset  of  OpenGL adap ted  for use in b rowsers*

 OpenGL: “cros s -langua ge, cros s -p la tform  app lica tion p rogram m ing 
interface (API) for rendering 2D and  3D vector graphics”

 Com m on baseline s tanda rd  for graphics  p rogram m ing

* GL = Graphics  Libra ry



Three.js
 Useful and  popula r lib ra ry for WebGL:  https :/ / threejs .org/

 Allows  us  to crea te and  m anipula te 3D ob jects

 Still have a  canvas  (wha t we’re d rawing on/ in)

 Main new elem ents :
 Scene : where we add  3D ob jects  and  lights
 Camera : where our “eye” is , not pa r t  of  the scene
 Renderer : tool to d raw the scene on the screen

http :/ / kiddography.blogspot.com / 2 0 0 7 / 0 2 / dem on-pa inter.htm l

https://threejs.org/


Scene
The scene ob ject  keeps  track of  a ll ob jects
tha t  will m ake up  your output im a ge

 For now, a ll we do with s cenes  is  crea te them  and  add  ob jects  to them

// Create a new scene for adding objects to: 
scene = new THREE.Scene(); 

// Add an already-created object to the scene: 
scene.add(myObject);



Camera
A cam era  ob ject  describes  the p rojection type and  viewing frus tum  to be 
used  by the renderer to crea te the im a ge

 It  is  pos it ioned  us ing world  coord ina tes  but is  not pa r t  of  the s cene 
(invis ib le!)

 Specify four pa ram eters  to crea te perspective cam era
 Field  of  view (in degrees )
 Aspect ra tio (should  m a tch the canvas )
 Near clipp ing p lane
 Far clipp ing p lane

camera = new THREE.PerspectiveCamera(fov, aspect, near, far);
camera.position.z = z_pos;  // adjust position



Choosing Camera Parameters
Cam era  pa ram eters  exer t  crit ica l control over wha t is  vis ib le
 Pos ition: z_pos variable specifies  height of  cam era  above the world  origin
 Clipp ing: near and  far variables  specify d is tances  from  the cam era
 Field  of  view: fov variable specifies  wid th of  vis ib le  cone

z = 0

z_pos = 9 0

near = 3 0

fa r = 6 0

z_pos = 4 5

near = 3 0

fa r = 6 0

z_pos = 9 0

near = 3 0

fa r = 1 2 0

fov = 6 0



Renderer
The renderer does  a  lot  of  work behind  the scenes

 Can take op tiona l pa ram eter lis t  during crea tion

 Use it  to s et  the background  color

 Tell it  to d raw the scene when ready

canvas  = docum ent.getElem entById ("glcanvas");
renderer = new THREE.WebGLRenderer( { canvas : canvas , ant ia lia s : t rue} );

renderer.setClea rColor(0 ); / /  Set  background  color (0 , or 0 x0 0 0 0 0 0 , is  b lack).

/ /  Render the scene. This  is  ca lled  for each fram e of  the anim ation.
function render() {

renderer.render(scene, cam era );
}



Questions
1 . Wha t is  the rela t ionship  between OpenGL, WebGL, and  Three.js ?

OpenGL is a generic graphics standard, WebGLis a variant specialized for web 
pages, and Three.js is an implementation and API for WebGL.

2 . Where can I find  docum enta tion of  Three.js ?  

3 . Which ob ject  would  be respons ib le for the following?
a . Changing the background  color
b . Determ ining which ob jects  a re vis ib le
c. P lacing a  new ob ject in rela tion to others

PAUSE NOW & ANSWER

https://threejs.org/

Renderer
Camera
Scene

https://threejs.org/


Scene Objects
Once your s cene is  ready, you’ll want to fill it  with cool looking s tuff.  
Wha t can go in a  s cene?

 Lights

 Meshes , com posed  of
 Geometry
 Material

https :/ / cgabrie ldes ign.com / portfolio/ d irty-rot ten-scoundrels -thea ter-set /
VectorStock.com



Lights
Lights  illum ina te the scene.  No lights  = you see nothing!

 Lights  com e in va rious  configura tions
 Point sources
 Rectangula r em itters
 Am bient light & hem isphere light
 Directiona l & spot lights

 All lights  have color and  intens ity

 Spa tia l pa ram eters  will va ry by type of  light

pngm ar t .com

// create bright white ambient light 
var ambientLight = new THREE.AmbientLight(0xffffff,1);

scene.add(ambientLight);
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Types of Lights in Three.js
Am bientDirect iona l Point

Spot Hem isphere RectArea



Activity
Find  the three.js documentation web pages and  identify a  cla s s  tha t  
rep resents  each of  the following:

 A type of  light

 A type of  cam era

 A type of  surface m a teria l

 The geom etry for som e p redefined  shape

http :/ / www.inves tm entoffice .com / io/ Inves tm ent_Thoughts / Market_Desk/ Vola t ility_of_an_Im poss ib le_Object_Risk_Fear_and_Safety_in_Gam es_of_Percep tion.php
https :/ / www.how-to-dra w-funny-ca rtoons .com / cartoon-lam p.htm l
http :/ / newm anscleaning.com / water-surface/
ht tps :/ / en.wikiped ia .org/ wiki/ Klein_bott le

PAUSE VIDEO & RESPOND

https://threejs.org/


Three.js Coding Demo



Object Creation Checklist
Steps  to crea te a  cus tom  ob ject  in the s cene:

1 . Crea te a  lis t  of  ver tices , giving 3D coord ina tes
2 . Crea te a  lis t  of  faces , giving 3  ver tices  each us ing RHR
3 . Specify m a teria ls  for each face
4 . Com bine the geom etry and  m a teria ls  together a s  a  m esh
5 . Add  to scene and  m odify pos ition & rota tion a s  des ired

https :/ / www.resea rchga te .net / figure/ Origina l-triangle-m esh-of-the-tricera tops -m odel_fig6 6 _2 6 8 2 9 6 9 5 4
https :/ / www.m oddb.com / m ods / juras s ic-life / im ages / tricera tops -render
https :/ / www.reddit .com / r/ b lender/ com m ents / b1 m 6 j1 / tricera tops_render_critique/



Geometry
Geom etry defines  the pos it ions  of  an ob ject’s  surfaces

 Vertices a re the corners

 Faces (m ade of  triangles ) connect cop lana r ver t ices

https :/ / en.wikiped ia .org/ wiki/ Polygon_m esh



Geometry
Geom etry defines  the pos it ions  of  an ob ject’s  surfaces

https :/ / en.wikiped ia .org/ wiki/ Polygon_m esh

/ /  s e t up  the geom etry for a  shape
var m yGeom = new THREE.Geom etry();

/ /  crea te  the  (x,y,z) points  needed  for this  shape
m yGeom .ver tices = [ / /  a rray of  Vector3  giving ver tex coord ina tes

new THREE.Vector3 (1 , 1 , 0 ), / /  ver tex num ber 0
/ /  ...

];

/ /  us ing the ind ices  of  the  ver tices  above, crea te  triangula r faces
m yGeom .faces = [ / /  a rray of  Face3  giving the triangula r faces

new THREE.Face3 (0 , 1 , 2 ), 
/ /  ...

]; Order here m atters !



Geometry
Unlike rea l-world  ob jects , in Three.js  faces  point  only in one d irection

Vis ib le s ide is  determ ined  by right hand rule

Actua lly, 
you won’t  
even see 

the outline

Reverse s ide 
is  tota lly 

t ransparent!

A

B C

A-B-C points  out of  s creen (a lso B-C-A or C-A B)
A-C-B points  into s creen (a lso C-B-A or B-A-C)

Right hand rule:
Fingers curl in order vertices are listed

Thumb side is exterior
Looking a t the s ide you 

want vis ible, lis t the 
points  counterclockwise.



Material
Materia ls  define the way an ob ject  interacts  with light  in the environm ent 
(reflection, absorp tion, color m ixing, etc.)

 Bas ic m a teria ls  include color and  reflectivity p rofile

 Advanced  m a teria ls  can have des igns , texture, etc. – m ore on this  la ter
// Creates a material for an object
// that is "matte" not "shiny"
var myMaterial = [
new THREE.MeshLambertMaterial( { 
color: 0xffffff, flatShading: true } ),
// ...

];

MeshBasicMaterial
MeshDepthMaterial
MeshLambertMaterial
MeshNormalMaterial
MeshPhongMaterial
MeshPhysicalMaterial
MeshStandardMaterial
MeshToonMaterial

https :/ / www.ltu.s e/ edu/ program / TMMTA/ TMMTA-Materia lteknik-m as ter-1 .7 6 9 4 5 ?l=en



Mesh
Mesh is  used  to crea te a ll sor ts  of  solid  ob jects

 Com bina tion of  geometry and  material

Slinky mesh by Pa tricia  Fa tta

// Create an object with prepared geometry and materials
var myObject = new THREE.Mesh( myGeom, myMaterial );
scene.add(myObject);



Putting It Together In Code

(Update scene)
Run renderer

Crea te world
Sta r t  rendering loop

render:

init :

Crea te the scene
Crea te a  cam era
Crea te a  light & add  it  to scene
Crea te vis ib le ob ject(s ) & add  to scene

Standard  ob ject  (cube, cylinder, etc.)
-or-

Define geom etry
Define m ateria ls
Build  ob ject

crea teWorld :



Questions
1 . Which of  the polygons  below is  facing outwards  from  the screen?

2 . Which light bes t  s im ula tes  sunlight on ea r th, with pa ra llel rays?
DirectionalLight

3 . Which of  the following is  NOT a  p redefined  geom etry offered  by 
Three.js ?

a . SphereGeom etry
b . CubeGeom etry
c. ConeGeom etry

PAUSE NOW & ANSWER

d . CylinderGeom etry
e. TorusGeom etry
f. IcosahedronGeom etry

BoxGeometry
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Review
After wa tching this  video, you should  be ab le to…

 Set up  a  web  pa ge for 3 D rendering us ing Three.js

 Add a  cam era , lights , and  vis ib le ob jects  to your s cene 

 Make inform ed  choices  about the d ifferent ava ilable op tions

 Crea te cus tom  ob ject  geom etries  and  com bine them  with m a teria ls
 Write code to define ver tices  and  com bine them  into faces
 Control the d irectiona lity of  triangula r faces

Music: https://www.bensound.com

https://www.bensound.com/
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