The Basics of JavaScript and Animation

What is Animation?

Between 1878 and 1884 a very important question was resolved.

The question was “when a horse is galloping does it always keep one foot on the floor?”

Paintings prior to that time typically depicted horses with one foot on the floor.  Was this correct?  It was difficult to say as the action happened too fast.

Be setting up a series of cameras triggered in sequence Eadweard Muybridge managed to answer this question and prove that a horse did at times leave the ground.
He produced a number of photographs similar to the one below allowing the study of objects in motion.
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This principle is behind all frame based media both animation and video.

We draw a frame; we change the position of the subject on the frame and then draw the frame again.

By repeating the above process at a suitable speed we create the illusion of movement to the human eye.

In the case of video we construct each frame based on a photographic record.  In the case of animation we are drawing the frames either by hand or by means of a computer program.

Since we are interested in creating the animation using a computer it gives us options to make the animation dynamic.  This means that the animation will respond to interaction with the user, i.e. they press a key or move the mouse.  Also the animation may be designed to respond to circumstances that occur within the animation, i.e. a collision occurs.

Space Lander
Before we go any further we need to spend some time looking at the game Space Lander.

This game will be used in the labs to give you example JavaScript code.  It is also available for you to reverse engineer and make your own game for the assignment.
The Storyboard

As with all multimedia content we need to spend some time documenting it in some way.

Here is the storyboard for the game we are going to create.
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* Ship lands successfully on the landing pad
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* Saucer explodes if velocity is too great




Class Diagram

JavaScript is a fully object oriented language so we may look at both the graphical and coded aspects of the game via a class diagram. 
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Your finished animation will consist of a number of classes that support the animation.

Above is the class diagram for the Space Lander game.

We have two types of classes namely sprites and ordinary classes.  Sprites contain some sort of graphical element, in this case saucer and pad.

Saucer is the flying saucer the main component of the game.
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The class diagram describes its behaviours as follows...
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The saucer may...

· Accelerate

· Be drawn

· Come to a halt

· Move

· Have a vector applied

It has the following attributes/properties

· Bottom

· Left

· Right

· Top

This allows us to know the outside boundary of the shape.

The second sprite is the landing pad...
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The landing pad has only one operation allowing it to be drawn.

It supports five attributes
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· Bottom 

· Left

· Right

· Top

Allow us to identify the outside edge of the shape.

· X

· Y

These attributes allow us to read or set the X and Y coordinates of the sprite.

The other three classes in the diagram are used for specific elements of the game

· Accelerate – handles calculations related to gravity and acceleration

· Collision – used to detect collisions between objects

· Vector – used to apply a vector to a sprite

As the work unfolds over the next few weeks you will be introduced to all of the above elements of the game.

HTML 5

Now that we have a plan as to the animation we plan to create we need to start setting up the environment to allow us to get started.

We have already made reference to HTML 5.  As you should know by now HTML 5 has introduced a number of new tags specifically designed for multimedia.

A simple HTML document has the following format...
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The following is a blank HTML 5 document…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
</head>
<body>
</body>
</html>
If you are familiar with XHTML you will notice that the doc type (at the top is much simpler than in XHTML).  This line of code must be present to tell the browser to translate the page as an HTML 5 document and not HTML or XHTML.  The simpler doc type is one clue as to the direction taken with HTML 5 the idea is to make it a bit simpler for non technical people to use.

The HTML 5 Canvas
The next step is to create the canvas in the HTML mark-up.  This is the area we define on the web page where our animation will appear.

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
</body>
</html>
Notice how we are able to specify both the width and the height of the canvas.

Adding an External CSS

Next we want to style the page to make it more interesting to look at and also to make the canvas visible. To do this we will create an external style sheet containing the following mark-up.

body {

    background-color: rgb(176,176,176);

}

#canvas 

{

    background-color: rgb(255,255,255);

}
The style sheet will re-define both the body tag and the canvas tag of the HTML.  When these tags are processed their backgrounds will be set to grey and white respectively.

To link the style sheet to the page add the following line of HTML…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
</body>
</html>
If we were to view the page in the browser we would be able to see the canvas in white against the grey background of the page.
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The next step is to create the area in the page where we will write our script. To do this we need to mark up the page so that it knows that a specific section is code not HTML…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
    <script>
    </script>
</body>
</html>
Events in JavaScript are a very similar concept to events in ASP.NET. (We will explore events in more detail later on.)

We write sections of code acting as event handlers to process certain events when they happen to the interface.

One important event in JavaScript is the page load event.

This event runs as soon as the page is loaded in the browser.

The following code adds the handler for the load event…

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script>
            //this function will always be executed when the page loads
            window.onload = function () 

     {

                //our code here
            }

    </script>
</body>
</html>
The windows is the top level object and “onload” is the name of the event we are interested in.

Make sure you spell these correctly (including the case) otherwise the language won’t know what you mean!

Canvas and Context Objects
We will now create two important objects to allow us to control what is on the canvas

The canvas mark-up in the HTML 5 is not automatically available to the code that we write.  To access the canvas in our code we need to attach an object called the context.  This object allows us to draw on the canvas.

To get at the HTML 5 canvas we create an object based on it and then associate a context with the canvas like so...

<!DOCTYPE html>
<html xmlns="http://www.w3.org/1999/xhtml">
<head>
    <meta charset="utf-8" />
    <title></title>
    <link rel="stylesheet" href="StyleSheet.css" />
</head>
<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script>
            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //our code here
                var canvas = document.getElementById('canvas'),

                    context = canvas.getContext('2d');
            }

    </script>
</body>
</html>
Canvas is linked to the HTML 5 tags via 

document.getElementById('canvas')
getElementByID tells the code to link to a section of HTML 5 we want to do something with i.e….

('canvas')
Which is the ID of the section of HTML 5 specified when we created that mark-up

    <canvas id="canvas" width="400" height="400"></canvas>
This canvas object allows us access to the HTML 5 canvas area.

Problem – the canvas has no drawing facilities built into it.  Before we may do any drawing we need access to the context.  The context may be 2D or 3D.  The context gives us access to the full set of drawing tools (API – Applications Programmers Interface)  In this case we need access to the 2D drawing context…

                    context = canvas.getContext('2d')

Having gained access to the context via the variable “context” we now have access to the 2D drawing API.

In this example we will use vector drawing to create a simple square.

Vector drawing is based on drawing shapes by means of using coordinates strokes and fills.

Planning out your first Shape

The first step is to plan out the shape on paper.  (Honestly this really makes life a lot simpler as our designs get more complicated.)

Using a page of graph paper we shall plan out a 30px (pixel) by 30px square
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Notice that the canvas starts at zero not one!

The coordinates follow standard x, y coordinates.

So to draw a square we need to draw lines like so…
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It is a good idea to use a ruler (and a pencil in case you make a mistake!)

(Note at this stage we have only created three sides of the square we shall see why in a moment.)

So to draw the square we need to start at position 0,0.  Draw a line to 29,0, then 29,29 and then 0,29.

Writing your First JavaScript

The JavaScript to create this shape look like this…

        <script>
            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //our code here
                var canvas = document.getElementById('canvas'),

                    context = canvas.getContext('2d')

                //start the line (path)
                context.beginPath();

                //set the start coordinates
                context.moveTo(0, 0);

                //draw the top line
                context.lineTo(29, 0);

                //draw the right side
                context.lineTo(29, 29);

                //draw the bottom line
                context.lineTo(0, 29);

                //go ahead and draw the line
                context.stroke();

            }

    </script>
To draw a line we create a “path” which is a line passing through a set of coordinates.

The first step is to begin the path using beginPath.  Next we tell the line where it is starting from (moveTo) and then we send the path to different coordinates to get the shape that we are after.  The last step is to actually draw the line using the “stroke” method.  (Think of the stroke of a pen or a brush!)

If you try the code above you will get something like this…

[image: image14.png]



Not quite the square we are after but we are getting there.

The last step is to finish the left hand side of the square.

We could do this by one of two approaches.

We could add an extra lineTo to finish off the square.  Or we could close the path using closePath.  In this case we will do the latter…

            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //our code here
                var canvas = document.getElementById('canvas'),

                    context = canvas.getContext('2d')

                //start the line (path)
                context.beginPath();

                //set the start coordinates
                context.moveTo(0, 0);

                //draw the top line
                context.lineTo(29, 0);

                //draw the right side
                context.lineTo(29, 29);

                //draw the bottom line
                context.lineTo(0, 29);

                //close the path
                context.closePath();

                //go ahead and draw the line
                context.stroke();

            }

The advantage of closing the path is that we may also use fill method to make the insides of the shape have a colour.

            window.onload = function ()

            {

                //our code here
                var canvas = document.getElementById('canvas'),

                    context = canvas.getContext('2d')

                //start the line (path)
                context.beginPath();

                //set the start coordinates
                context.moveTo(0, 0);

                //draw the top line
                context.lineTo(29, 0);

                //draw the right side
                context.lineTo(29, 29);

                //draw the bottom line
                context.lineTo(0, 29);

                //close the path
                context.closePath();

                //fill the shape
                context.fill();

                //go ahead and draw the line
                context.stroke();

            }
You should get something like this…
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This is all very nice but would it be good if we set up some actual animation!

In this first example we will create animation in a slightly rubbish manner.

Once we have got things working we will have a go at refining what we are doing so that it fits in with good OO programming practice and hopefully makes our life simpler in the long run.

Creating Basic Animation – Frames and Sprites

The steps to creating animation in JavaScript in simple terms are as follows.

1. We draw a frame

2. We calculate the new position of sprites in the animation to create a new frame

3. We repeat step one

We are using the word sprite to refer to “things” in the animation.  In the above example our sprite is the square we have just drawn.

In calculating the position of sprites in the animation we may take into account a number of factors

Sprites might chase or run away from other sprites
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Sprites might for example bounce off the side of the canvas area
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A canon ball sprite might follow an arc.
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Pressing the keys on the keyboard or moving the mouse might make the sprite do something.
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There are lots of options / combinations to the above.

The first task is to try and get the square we have drawn above moving.

To do this we will need to change the structure of our code.

To keep re-drawing frames we need to first create a function that draws our box like so…

           window.onload = function ()

            {

                //our code here
                var canvas = document.getElementById('canvas'),

                    context = canvas.getContext('2d')

                draw();

                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(0, 0);

                    //draw the top line
                    context.lineTo(29, 0);

                    //draw the right side
                    context.lineTo(29, 29);

                    //draw the bottom line
                    context.lineTo(0, 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

            }
To make sure that it works we need to make sure that there is a suitable call to the function draw()

(In JavaScript we are able to create functions inside of other functions.)

This means that the variables canvas and context having been declared in the page’s load event are in the same scope as the function “draw”.

Run the code and everything should work as before.
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That gives us part of the three step process…

1. We draw a frame

2. We calculate the new position of sprites in the animation to create a new frame

3. We repeat step one

That is some of step one completed in that we can draw our sprite!

The next step is to create a function that calculates the new position of the sprite and draws the sprite in its new position.

Create a new function called drawFrame like so adding the call to draw()…

            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d')

                function drawFrame()

                {

                    //draw the sprite
                    draw();

                }

                //this function draws our sprite
                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(0, 0);

                    //draw the top line
                    context.lineTo(29, 0);

                    //draw the right side
                    context.lineTo(29, 29);

                    //draw the bottom line
                    context.lineTo(0, 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

            }

Run the program to see what happens.  You should see nothing.

Why is this?

The problem is that we are not making a call to the new function in the page’s load event.

To fix this add a line of code like this to call the new function…

            //this function will always be executed when the page loads
            window.onload = function ()

            {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d')

                //call the drawFrame function
                drawFrame();
                function drawFrame()

                {

                    //draw the sprite
                    draw();

                }

                //this function draws our sprite
                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(0, 0);

                    //draw the top line
                    context.lineTo(29, 0);

                    //draw the right side
                    context.lineTo(29, 29);

                    //draw the bottom line
                    context.lineTo(0, 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

            }

Ok now what?

Getting things moving

So far in drawing the square we are hard coding the coordinates into the function.

                    //set the start coordinates
                    context.moveTo(0, 0);

                    //draw the top line
                    context.lineTo(29, 0);

                    //draw the right side
                    context.lineTo(29, 29);

                    //draw the bottom line
                    context.lineTo(0, 29);
This is fine if we want to draw a square starting at 0,0 which is 30 x 30 pixels!

It would be nice if we could make things a little more flexible AND do some animation.

To fix this we need to start with a couple of extra variables, that is x and y.

Add the new variables at the start of the load event handler…

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //var for x coordinate of the square
                    x = 0,

                    //var for y coordinate of the square
                    y = 0

This creates the two new variables and initialises them both to zero.

Now rather than hard coding zero into the drawing of the square we need to change the function like so…

                //this function draws our sprite
                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(x, y);
                    //draw the top line
                    context.lineTo(29, 0);

                    //draw the right side
                    context.lineTo(29, 29);

                    //draw the bottom line
                    context.lineTo(0, 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

To get things heading in the right direction of some actual animation we need to also modify the drawFrame function to change the position of the square after it has drawn it like so…

                function drawFrame() {

                    //draw the sprite
                    draw();

                    //move the square to the right
                    x++;

                }

Run the program – what happens?

So far nothing and still no animation!

Remember that the process of creating animation has three stages

1.  We draw a frame

2. We calculate the new position of sprites in the animation to create a new frame

3. We repeat step one

The last step is to force the process to repeat and keep repeating to create the animation effect.

requestAnimationFrame

Modify the drawFrame function like so…

                function drawFrame() {

                    //draw the sprite
                    draw();

                    //move the square to the right
                    x++;

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }
requestAnimationFrame is an important method in creating animation in JavaScript.

What the method does is that it creates a “call back” to a function that is responsible for drawing and calculating the position of sprites in the new frame.

In this case the call back is to the function drawFrame.

This results in the function calling itself every time it has completed.

Try running the program as it currently stands – what happens?
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You get animation but not exactly what we had in mind!

There are two problems here.

1. We are still hard coding the coordinates of the path 

2. We need to clear the previous frame before drawing the new frame

Soft Coding the Coordinates

To fix this we need to modify the drawing script as follows…

                //this function draws our sprite
                function draw()

                {

                    //start the line (path)
                    context.beginPath();

                    //set the start coordinates
                    context.moveTo(x, y);

                    //draw the top line
                    context.lineTo(x + 29, y);

                    //draw the right side
                    context.lineTo(x + 29, y + 29);

                    //draw the bottom line
                    context.lineTo(x, y + 29);

                    //close the path
                    context.closePath();

                    //fill the shape
                    context.fill();

                    //go ahead and draw the line
                    context.stroke();

                }

This means that the sides of the square will be drawn relative to the x and y coordinates.

Try running it now and see what happens…
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Still not quiet what we have in mind but getting better.

The last thing we need to do is between drawing frames we need to clear the previous frame.

Modify drawFrame like so…

                function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);
                    //draw the sprite
                    draw();

                    //move the square to the right
                    x++;

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                }

Now try it and see what your animation currently looks like.

The new line of code clears a rectangle on the canvas starting at 0,0 with height and width of the canvas.
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