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Introduction 
 

What is WebGL? 

WebGL (Web Graphics Library) is a new web technology that brings hardware-accelerated 3D 

graphics to the browser. It is a JavaScript API for rendering interactive 3D graphics and 2D graphics 

within any compatible web browser without the use of plug-ins. It is also said to be the implementation 

of OpenGL ES 2.0 in web browser. 

As of now, WebGL is designed and maintained by the non-profit Khronos Group. 

 

Why use WebGL? 

Here are the most important reasons for you to learn WebGL as opposed to other web 3D engines. 

 It uses existing OpenGL standard, which means if you can code in OpenGL, you’re already halfway 

through in mastering WebGL. 

 It is supported by most modern browsers, and those who did not would likely to do in the future. 

 Because it only uses web technology, it is portable across browsers. 

 It is implemented with Javascript, which most web developer should have known already. No need 

to learn new language. 

 It integrates well with HTML elements, especially HTML 5 standard. 

 WebGL provides hardware-accelerated capabilities. 

 Documentation is plenty. Forums are filled with WebGL questions-and-answers, so you can always 

search the internet for any difficulties. 

 More updates are coming in the near future, which promises better performance and stability. 

 

I’m interested. What next? 

First, you might want to further your interest by seeing what WebGL is really capable of. Check 

the link http://www.chromeexperiments.com/webgl/ for a few presentations of WebGL capabilities. 

Next, make sure that you have the required components for developing WebGL application: 

 A supporting web browser, preferably Google Chrome or Mozilla Firefox. Click the link 

http://get.webgl.org/ to check whether your current browser supports WebGL.  

 A text editor for developing HTML and Javascript. You can use notepad, but I recommend: 

o Notepad++ (http://notepad-plus-plus.org/) 

o Adobe Dreamweaver (http://www.adobe.com/products/dreamweaver.html). 

http://www.chromeexperiments.com/webgl/
http://get.webgl.org/
http://notepad-plus-plus.org/


 

 

Screenshot 1.1 – WebGL-supported browser result 

 

And that’s it. You’re ready to code some WebGL applications! 

 

What to do after finishing this module? 

This module only covers the basics of WebGL. For more advanced features and self-read, you 

can check the following links. 

 Learning WebGL (http://learningwebgl.com/blog/) – A definitive guide to learning WebGL from the 

base foundation. The tutorial is in video format. 

 Greggman’s WebGL Fundamental (http://games.greggman.com/game/webgl-fundamentals/) – A 

short blog post about utilizing WebGL as an 2D API. 

 MDN’s Getting Started With WebGL (https://developer.mozilla.org/en-

US/docs/Web/WebGL/Getting_started_with_WebGL) – A tutorial from Mozilla Developer Network, 

the creator of Mozilla  Firefox. It is mostly compatible with Firefox, although applicable for other 

browsers of the same standard. 

 WebGL Specification (https://www.khronos.org/registry/webgl/specs/latest/) – The definite in-

depth documentation of WebGL from its developer, Khronos Group. You can read this for complete 

know-how in WebGL capabilities. 

 

 



Part 1: Basic WebGL Setup  
 

Creating WebGL-ready page 

WebGL is created inside an HTML 5 web page, therefore we need to create a new web page. 

Make a new .html file using your favorite text editor. For this module I will use Notepad++ 

The structure of the HTML file is up to you. Example for the web page code: 

 

Screenshot 2.1 – sample empty HTML 5 web-page 

 

We will create the code for creating 3D objects in the <script> tag. The <body> tag will contain 

our placeholder to display the result object. 

 

Canvas, the display screen 

WebGL utilize the new HTML 5 element <canvas> to show its object. This new element allows 

for dynamic, scriptable rendering of 2D shapes and bitmap images. It is a low level, procedural model 

that updates a bitmap and does not have a built-in scene graph. Think of it as a display screen which 

shows the result of whatever we have coded in the Javascript. 

To create the canvas element, we just have to put it inside the <body> tag and assigned an id 

attribute so we can call it in Javascript.  

Example code: 



 

Screenshot 2.2 – creating and preparing the canvas 

 

In a real web application, you would put more elements in the <body> tag as well as more 

serious stylings. For this module, though, this simple setup would suffice. The rest would be done in 

Javascript. 

 

Javascript, our bread-and-butter code beast 

Javascript is the de-facto scripting language for the web as it is widely implemented in all 

browsers existing nowadays. Its implementation followed the ECMAScript standard. With the addition of 

recent HTML 5 <canvas> element, Javascript gained the ability to interact with the computer’s graphical 

abilities. 

Javascript is a prototype-based language and utilized object for its entire programming 

paradigm. It is also dynamic, type-safe, and using first-class functions. There are many tricks for using 

Javascript, but in this module I will use only the basics. I will explain more advanced usage of Javascript 

when necessary. 

 

Preparing to code in WebGL 

Before we can use WebGL to create graphics, we need to prepare Javascript so it knows that we 

want to use WebGL. Here is the step for preparing our code. All of the following code should be put 

inside our <script> tag. 

1. Declare global variables canvas and gl and initialize them to null. Canvas will be used to contain our 

<canvas> element, while gl is used to contain our WebGL context. 

 

 
 

2. Create a function start() as our starting point. We will then assign this function to window.onload 

event so it will be called when the page is loaded. We will focus our code in this part in this start 

function. 

 



 
 

3. Gets the <canvas> element using document.getElementById function. Put the id of your <canvas> 

element. In this module I use webgl_display as its id. 

 

 

4. After we have the <canvas> element, we need to get the context. This is the element of <canvas> 

which define the engine used in rendering its display. As of current date, the only contexts available 

are 2d and WebGL. Getting the context is done with getContext function of the canvas object we 

have fetched before. 

Note that we need to specify either webgl or experimental-webgl. The latter is used because 

WebGL has not finished its experimental stage yet. This line allowed us to use the finished version 

later, or fall back to the experimental version if the finished one is not ready yet. 

Then we specify the width and height of the viewport, which is the display used by WebGL to show 

our scenes. We use canvas width and height for this one. 

We put the line in a try-catch statement to prevent our code from breaking if the browser does not 

support WebGL. 

 
 

5. After we get the context in gl, we need to check whether gl is available or not. If not, we will show a 

notification to user. 

 

 



6. But if gl is available, then we are ready to code! Put a few codes to finish our WebGL display (I will 

explain them in the next section). 

 

 
 

7. The initial preparation is done! If you followed the code from the start, you will end up with a black 

box in your web page (assuming that your browser can run WebGl). That box is our drawing area. 

 

 

Screenshot 2.3 – The expected result from above code. 

 

Here is the complete HTML code, including the Javascript. 

 



 
Screenshot 2.4 – the full code. 

  



Part 2: Drawing Scenes 
 

The All-Important Shader 

WebGL is a 3D graphical processing language. We can use it to draw 2D object by using only two 

planes instead of three, but the same rule for 3D scene apply. In WebGL, the component which is 

responsible for drawing those scenes is called shader. The rule for making it is described using GLSL 

(OpenGL Shading Language). 

There are two shaders in WebGL: 

1. Vertex shader, which is responsible for determining a vertex position in screen 

2. Fragment shader, which is responsible for determining the color of a particular pixel in screen 

 

As you can see, shader is the one which make our scene code appear in the display. Otherwise, 

we will only stare at blank screen all the time. Before we can actually draw some scene, we have to 

define the shader first. 

 

Creating Shader in WebGL 

Shader is made in OpenGL using C or C++ language. In WebGL, however, we just have to put the 

code inside our HTML and call it in our javascript. We need to make 2 <script> elements containing the 

shader. You can put these elements anywhere in your HTML page, as long as it is still inside <html> tag. 

 

First we will make the Fragment Shader. This shader is responsible for assigning color on display screen. 

Notice that we are using C-based language in this code. The lines before void main is the global variables 

for the shader, while the void main function control how the shader behaves. The variable type of 

vColor is varying lowp vec4, which is a typedef variable (user-defined variable) in GLSL. Our shader code 

will use these typedef a lot. You can read more about it in GLSL specification. 

(http://www.opengl.org/documentation/glsl/) 



 

 

Our second shader, the Vertex Shader, is structured in the same way. We take 2 variables 

aVertexPosition to define our object’s location and aVertexColor to define our object’s color. 

uMVMatrix is the Model Matrix, and uPMatrix is the Projection Matrix. We are going to utilize matrices 

heavily in 3D modelling. More on this will be covered later. 

 

Reading the Shader into Javascript Object 

We have created the shaders, but we still have them as HTML scripts. We need to change them 

into Javascript object so we can use it on our gl object. 

1. Create a function getShader which takes the id of our shader script defined above. Our code will be 

put inside this function. 

 
 

2. Fetch the element from the id using document.getElementById. 

 
 

3. In order for WebGL to read our shader, we need to make them into text. Create a variable source as 

an empty string and currentChild which contains the shader’s child node. We will read 

currentChild’s content if its nodeType is TEXT_NODE and then add it to source. Then we will move 

to currentChild’s next sibling. We will stop when currentChild has no more text in it. 



 
 

4. Now we will make empty shader object. First make an empty variable shader to contain our shader 

object. We will look on our script element (script) type to see if it is a vertex shader or fragment 

shader. We will make the shader based on that type with gl.FRAGMENT_SHADER or 

gl.VERTEX_SHADER constants. If neither type is there, then it is an unknown shader and we return 

null. 

 
 

5. The final task is to put the shader code (source) into our empty shader object using gl.shaderSource. 

The first parameter is the shader object while the second parameter is our shader script. 

Next we will compile the shader after putting our script with gl.compileShader. 

Finally, we check if the shader has been compiled successfully. Return null if failed. We can put 

additional notification if necessary. 

Finally, return the shader object to function caller for further use. 

 



The complete code for getShader is as follows. 

 
 

 

  



Initializing the Shader 

Our next task is to prepare the shader so it can be used in our code. 

1. Make a new function initShader. 

 

 

2. WebGL uses component called program to collect its shaders into one unifying entity. We will make 

this program using gl.createProgram. Then we attach our shaders using gl.attachShader. Next step 

is to link the program back to WebGL using gl.linkProgram so it is ready to use. 

If the process failed, we should notify the user. We can check the process status using 

gl.getProgramParameter.  

Finally, we tell WebGL that we want to use our shader program using gl.useProgram. 

 

 

3. In our shader scripts from before, we have variables called aVertexPosition and aVertexColor in 

vertex shader. To draw something with WebGL, we have to put vertex position into those variables. 

We usually put the values using array. To allow input using array, we will enable array input with 

gl.enableVertexAttribArray. We do this for both aVertexPosition and aVertexColor. Notice that first 

we have to fetch those variables into javascript object with gl.getAttribLocation. We can do this for 

all attributes in shader scripts. 

 



We have done initializing our shader. Here is the full code. 

 

 

Buffer: Determining Where to Draw 

In WebGL, we draw using buffer. A buffer can be understood as a placeholder inside the 

memory. Rather than putting vertex to WebGL manually each second, we just need to put the values 

inside a buffer and place it in GPU memory. The result is better performance, because GPU does not 

have to fetch values from our application all the time. 

In other words, we put our object’s vertex position into an array, and then bind it to a buffer. 

We just need to use the buffer when we draw the scene. Let’s try making a square with various colors. 

1. Create a function initBuffer. 

 
 

2. Create two arrays, one for the square and one for the color. Notice that we use one-dimensional 

array, although we imagined it as a 4x4 matrix. Each line of the vertices array corresponds to the 

position of one vertex in x, y, z plane. 

For color array, each line holds the value of the color in r, g, b, and alpha value. Each line controls 

the color of each vertex in vertices array. 



 
 

3. We create a buffer using gl.createBuffer function. Put it to the global variable squareVerticesBuffer 

and colorVerticesBuffer. 

 
 

4. Finally, we bind the buffer to WebGL with gl.bindBuffer. We put the value using our array with 

gl.bufferData. Do this for both vertices and color array. 

 

 

We have finished binding our buffers. Here is the complete code for our initBuffer function. 



 
 

Putting Scenes to Screen 

Now comes the fun part. We are going to use everything we have initialized up until now and 

show something in the now-black screen. To do this, we should create a function drawScene to be 

called when we want to draw. 

1. Create function drawScene. 

 
 

2. Each time we draw something, we should adjust the viewport to our viewport width and height in 

gl. We should also clear the screen buffer so it is ready to be inputted. 

 
 

3. The first thing that we have to tackle on is the Perspective Matrix. Basically, we need to instruct 

WebGL on how we want the camera to view our scene. There is an actual function to create 

this particular matrix, but for simplicity we will put it manually. 



 
 

4. The next is Model View Matrix, which is used to tell the position of our scene in relative to the 

world coordinate. In this example, we will translate the matrix 6 unit farther from camera. We use 

minus value (-6) to show that we want the scene to be 6 units farther from camera (from z-axis). 

 
 

5. Now we will take our buffer data and put it in shader so it can output it to screen. First we bind our 

buffer to the current active gl.ARRAY_BUFFER like before. And then we use gl.vertexAttribPointer 

to put that buffer to the shader value object we created in initShader function. Note that we just 

need to input the shader value object. The buffer used will be the current active buffer. We will do it 

for the vertices object and color. 

The number 3 in gl.vertexAttribPointer for vertexPositionAttribute means that we will use 3 values 

for each vertex (x, y, and z). For vertexColorAttribute we use 4 values (r, g, b, and a). 

 
 

6. The next step is to put our perspective matrix and model view matrix to Vertex Shader. If you see 

the shader script once again, you can find variables of type uniform. Those variables are used for 

this part. First we need to fetch the uniform variables using gl.getUniformLocation. 

 
  

And then we put our values with gl.uniformMatrix4fv. 4fv means we will use a 4x4 matrix in float 

type value. The first parameter is our uniform variable pointers from above, while the third 



parameter is our perspective and model view matrix. We use Float32Array to make it compatible 

with WebGL data type. The second parameter is left as false. 

 
 

7. Finally, we can draw the scenes with gl.drawArray. 

 
 

The one we used, gl.TRIANGLE_STRIP, is just one type of primitives WebGL allowed us to draw. The 

other available primitives are: 

 gl.LINES 

Draw a line for every 2 vertices. 

 

 gl.LINE_STRIP 

Draw a line for the first 2 vertices, and then connect it to every next vertex. 

 gl.LINE_LOOP 

Draw a line like gl.LINE_STRIP, but the last vertex will be connected to the first vertex to create a 

closing loop. 

 

 gl.TRIANGLES 

Draw a triangle for every 3 vertices. 

 

 gl.TRIANGLE_STRIP 

Draw a triangle for the first 3 vertices, and then create an adjacent triangle for every 2 vertices. 

 

 gl.TRIANGLE_FAN 

The first vertex is used as an anchor. For every 2 vertices, create a triangle formed with that first 

vertex. 

 

We have finished our drawScene function. All that is left to do is to call it. 

Before that, here is the complete code for drawScene. 

 



 

 

Calling Everything 

After we have finished all the functions, we just have to call them in our start function we have 

made in Part 1. The recommended step for doing that is: 

1. Initialize Shaders 

2. Initialize Buffers 

3. Draw Scenes 



 

 

If everything is up and running, you can expect to see this output in your browser. 

 

Screenshot 3.1 – drawScene output 


