Basic Motion Velocity and Acceleration
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In order to explore the topics of motion, velocity and acceleration we will use the above classes along with the code that drives them.

In the above diagram we can see that there is an aggregation this means that the Saucer class has an instance of the Accelerate class.  By setting up the relationship like so it means that we separate the two classes such that the Accelerate class may be used with other sprites, also if we ever want to create an instance of the Saucer class without an Accelerate class we have the option (with a little modification) to do so.

Let’s take a look at the attributes and operations for the two classes.

Saucer

This class is used to provide the functionality for the flying saucer in the game.

Being a sprite it has a graphical component like so…

[image: image2.png]



This is generated at run-time by accessing the draw operation passing the 2D context as a parameter.
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Internally the x and y coordinates are encapsulated as two private member variables like so…
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Both variables are private and there are no public properties created for the two values.
In order to modify the values of the x and y coordinates we must access the objects move() method…
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This method is responsible for re-calculating the x and y coordinates based on any acceleration/velocity/gravity applied to the object.

Acceleration/velocity/gravity may be applied using the accelerate method which accepts a single parameter of class Accelerate…
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(Or we may use the setVector operation/method to apply a vector which is also taken into account in the calculation applied by the move method.)
Accelerate

The Accelerate class may be used to apply acceleration to the motion of another class.  This is not a sprite and has no graphical component.

When a new instance of the class is created the constructor allows a value for gravity to be specified.  A value of zero results in zero gravity and higher values increase the strength of the gravity applied to the consuming object.
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The HTHrust and VThrust operations allow thrust to be applied along X and Y axis.  The larger the value of thrust the greater the resulting acceleration.

The Halt operation kills all thrust values to zero.  This operation does not result in a dead stop it simply stops any further increase in thrust.

To see this in action consider the following code…
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The class has two public attributes AX and AY which contain the value of acceleration along X and Y axis once all thrust and gravity values have been taken into account.

Velocity

Velocity may be thought of as the speed of an object.  For example a car may be travelling at a constant speed of 60mph along the motorway.

In the case of the animation the velocity may be thought of as how many pixels along x and y axis the sprite travels per frame.

We have already applied a simple example of this in setting up the first box animation…
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In this example we add one to the x coordinate of the sprite per frame resulting in the sprite travelling from left to right across the canvas.

We would create similar code if we wanted the sprite to move down the canvas however in that case we would need to add one to the y value.

Also if we wanted to travel in the opposite direction we would need to subtract values from the x and y coordinates of the sprite.

Adding Velocity to the Saucer

If we take a look at the variables declared within the saucer class we see that we have two variables that define the position at which the sprite is drawn…
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The x defining the horizontal coordinate the y defining the vertical.

In order to make the saucer move we need to change the values of these variables.

The first step is to create a function so that we have a public move method like so…

    Saucer.prototype.move = function ()

    { }

The next step is to create two new variables to store the velocity values like so…
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vx will contain the velocity for the x axis, vy the velocity for the y axis.

Since velocity increases the coordinates by a set value per frame we need to apply the velocity each time we draw a new frame.

To achieve this we need to add the call to the move method in the HTML 5 page.
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To apply acceleration values to the x and y coordinates we need to modify the move function like so…
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To make the saucer travel up the canvas we need to set a negative value for vy like so…

[image: image14.png]//create private variables for the x and y coordinates





If we want it to travel down to the right at 45 degrees we need to do the following…
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Acceleration

Acceleration (deceleration) is the change in velocity/speed over time.

In the case of velocity we apply a change per frame to the x and y coordinates of the sprite.

In the case of acceleration we apply a change to the velocity per frame resulting in an increase or decrease in velocity (This value is then passed on to the coordinates of the sprite).

When a car starts its journey the speed was 0mph in accelerating from 0 to 60 there is a change in both acceleration and speed.  Once it reaches constant speed the acceleration is zero whilst the velocity is a 60mph.  The same is also true when the car slows to a halt, both speed and acceleration decrease.

To add acceleration to the saucer we will do two things.

1. We will add some value to the variables vx and vy

2. We will create a new acceleration class allowing us to re-use the code again and again

Adding acceleration to the saucer we add a suitable value to the vx and vy variables.

To do this we will create a new class file called acceleration.js like so…

function Accelerate(Gravity) {

    //variable to store ax and ay
    var ax = 0;

    var ay = 0;

    //variable to store the gravity value
    gravity = Gravity;

    //public read only property for AX
    Object.defineProperty(this, 'AX',

    {

        get: function () {

            return ax;

        }

    })

    //public read only property for AY
    Object.defineProperty(this, 'AY',

    {

        get: function () {

            //return the acceleration on the y axis + gravity
            return ay + gravity;

        }

    })

    //public method for vertical thrust
    Accelerate.prototype.VThrust = function (Thrust) {

        ay -= Thrust;

    }

    //public method for horizontal thrust
    Accelerate.prototype.HThrust = function (Thrust) {

        ax -= Thrust;

    }

    //public method to halt all accelaretaion
    Accelerate.prototype.Halt = function () {

        ay = 0;

        ax = 0;

    }

}
We will now implement this class in the HTML 5 page lander.html and in so doing link the code into the keyboard event handlers.

First tell the page that the class file exists…

<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script src="sprites/saucer.js"></script>
        <script src="classes\keycode.js"></script>
        <script src="classes\vector.js"></script>
        <script src="classes\acceleration.js"></script>
        <script>
Next create an object based on the new class file…

            //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'),

                    //new instance of the Saucer class
                    ship = new Saucer(),

                    //create a new instance of the vector class
                    vector = new Vector(25, 1),

                    //create a new acceleration object
                    acceleraton = new Accelerate();
Implementing the Event Handler

When the program is finished we will link the key board to the calls to the methods via suitable event handlers…
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Gravity

If we are being accurate gravity is the attraction between bodies.  The planet Earth exerts a gravitational pull on the Moon; the Moon exerts a pull on the Earth.  

From the point of view of standing on the Earth gravity is mostly about falling.

In the game we are creating our ship will be flying over a landscape and one thing it will do without the engines running is fall to the ground.

The thing about the effect of gravity is that it is incremental.  As an object falls it gets faster and faster (a maximum speed is eventually reached but for simplicity we will ignore that small point of actual physics!)

The increasing speed as the object falls results in downward acceleration.

To simulate this we will need to modify the acceleration class such that we have the option of applying a value for gravity.

The first part of the class we will change is the constructor.

By adding a parameter to the constructor we may specify a value for gravity when we create an instance of the object.  Zero would represent no gravity greater values would represent stronger forces of gravity.

Modify the constructor like so to implement the new parameter…

function Accelerate(Gravity) {

    //variable to store ax and ay
    var ax = 0;

    var ay = 0;
If we have defined a parameter in the class we need to make sure that it is present when we instantiate the object.

Modify the web page lander.html like so…

                    //create a new acceleration object
                    acceleraton = new Accelerate(.001);

We want to be careful about the strength of the gravity.  .001 seems to work OK but you may want to tweak it for stronger or weaker gravity.

The next step is to record the value provided so that we may use it elsewhere in the class…

    //variable to store ax and ay
    var ax = 0;

    var ay = 0;

    //variable to store the gravity value
    gravity = Gravity;
Lastly you need to add the gravity value to the returned value of AY.  This means that even if there is zero acceleration in any direction the gravity value will always be applied forcing the ship down.

