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1 
Introduction

This manual was written to explain and illustrate the techniques and algorithms used in our Starball engine.

The Starball v2 engine is made for a Pinball game; it was developed in the Java programming language using the Eclipse universal toolset for development.

( www.eclipse.org/ )

The first version of the game has many more options (score, sound, scrolling, animations, sprites, menu…) and is available separately. I will only mention here the essential files used in the v2 engine.

2 File Structure
Two folders /IMG and /SRC contain the necessary files for the engine to run.

/IMG has images and I will not describe this folder and /SRC source files.
The source files are separated in packages which are:
· display: used for printing on screen, the main file is ScreenManager.java, a file borrowed from David Brackeen that manages double buffering and full screen display. ( http://www.brackeen.com/javagamebook/ )
· engine: used to contain the Gamecore file. This file contains the main thread and processes an infinite loop. The infinite loop the “core” of the game, it will only stop when the program is exited.
· gameElements: used to contain the elements that will interact in the game world. The most important element is the Pinball; it is the center of the game.
· interfaces: used to contain interfaces that describe object behavior
· tools: used to contain reusable functions and classes

· world: used to contain WorldManager. WorldManager is the object that manages Floors and all the world elements
3 Algorithms and Techniques

Double Buffering : (used in ScreenManager)

→ see http://java.sun.com/docs/books/tutorial/2d/images/doublebuffering.html for explanation
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GameLoop: (used in GameCore)
The Game Loop is the simplest way to explain the mechanism of the engine.

A Game Loop can be described like this:
While (true)

{


Move objects;


Calculate correct positions;


Draw;

}

You only draw when objects are positioned correctly; you calculate correct positions only after having moved objects to their new positions thus this algorithm.
Movement: (found in Interface Movement)

A movement is the repositioning of an object. Starball v2 focuses on the movement of the Pinball.

For more realism we have added Gravity to the Pinball’s movement. This process was perhaps the one that we most experimented with in Starball v1. At first we worked like this:

The ball had a position, a Point2D p = (px, py);

The ball had gravity, a double gravity,
The ball had a Speed, double Xspeed and Yspeed.

To move p=new Point2D (px+Xspeed, py+Yspeed+gravity).

This movement worked in the beginning but created many problems during collision testing or results.

Problem n1 (easy to solve): a discrete movement issue

Fig1: Fig2:
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The red lines represent Xspeed (horizontal) and Yspeed (vertical). The translation of position 1 by Xspeed and Yspeed produce position 2.
Here position 2 does not directly find a collision with the line even though it has gone through it. This is the discrete movement issue. To correct this we cannot test the circle alone during collision tests, we also need to test the area the circle has traveled like the space in dark blue in fig2.
Problem n2 (hard to solve): Double Collision

Fig3: Fig4:
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In a situation where the area the ball has when over collides with more than one object (a line for example, collision result can be VERY tricky. For example in Fig3, only the line closest to position one counts while in Fig4 both lines must be taken into account (otherwise the ball will go through one). Solutions can be found (distance for example) but the multiplication of scenarios that arise when we add different objects of various shapes, makes finding a correct algorithm very complicated. After some research I decided to overhaul how movement worked.
We then use in Starball v2 a pixel per pixel collision testing using vectors and vector spaces.

We then use a Position Vector pos (px, py).

A double gravity;

A normalized Movement Vector mov where mov.x is either 1,0 or -1 and mov.Y variable.

A speed, representing the number of times a ball will use its normalized Movement Vector during a loop (Before being drawn to the screen). 

For ( I = 0; I < speed; I++ ) {


Pos = new position ( px + mov.x , py + mov.y + gravity/speed )


Collision Test

}

For example if a ball moves 10 pixels to the left than it will be tested for collisions 10 times and will not miss any collisions.

Now if mov.y is bigger than 1, than theoretically, it might cause a ball going up or down to miss an object. Thus we alter the algorithm above to fix this.

For ( I = 0; I < speed; I++ ) {


Int roundY=mov.y rounded


int yLoop=roundY+1;


For ( J=0; J<yLoop; J++){


Pos = new position ( px + mov.x /YLoop,
 py + mov.y + (gravity/speed)/YLoop )



Collision Test


}

}

For example a ball moves 10 px to the left 5.5 down

Vector mov (1, 0.55)

Speed=10

(do 10 times){


roundY=5;


yLoop=6


do(do 6 times)


Pos=new position ( px+1/6, py+0.55/6

}
	Pos 0
	0
	0

	Pos 1
	1/6
	0.55/6

	Pos 2
	2/6
	1.1/6

	Pos 3
	3/6
	1.65/6

	Pos 4
	4/6
	2.20/6

	Pos 5
	5/6
	2.75/6

	Pos 6
	1
	3.3/6   =   0.55

	Done 10 times
	10
	5.5


Basic Collision: found in Interface Collidable
After a Movement, the Pinball will have to be tested for collisions. Pixel by Pixel Movement makes collision testing simpler because we will only have to test the shape of the ball with the other objects and not bother with the area it has gone over.

The shape will be tested with all other objects, if no collision is found, the moving object will be permitted to continue normally otherwise the attributes of the movement of the ball can be affected by the collided object.

The object can affect:

· The ball’s speed (number of times it uses its normalized vector in a loop)

· Its direction, by changing the normalized vector.

· its position on impact, as to never draw the ball overlapping the Collidable object 

Collision Test Circle to Circle: (used in GraphicCircle2D, Pinball)
The point of this algorithm is to test two circles and know whether the border of a circle overlaps the border of another circle. 

A method using this algorithm will have to return these results:

Fig1: Fig2: Fig3:
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FALSE          TRUE          FALSE


We will first test to see if the ball falls into two categories, either Fig1 or in the Fig2 and Fig3 categories.
Fig4:
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To do so we will take known data or find it. This important data is three distances, the distance in between the two centers dist (blue line in Fig4) and the radius of both circles ballRadius and objectRadius (pink and brown lines in Fig4).
Now if dist = objectRadius + ballRadius then the two circles are directly adjacent and touch in one point. So let’s call “objectRadius + ballRadius” minDist.
So if dist > minDist then both circles are not overlapping and we are in the Fig1 situation and otherwise we can assume the circles overlap as in Fig2 or Fig3
The second part of the algorithm will use another algorithm that will be described later.

 If dist < minDist and one circle isInterior of the other than the circles do not overlap (Fig3)

isInterior: (found in GraphicTools)
If the distance in between the two circles + one radius (pink and black line in Fig5) < one of the other’s radius (green line in Fig5) then the first circle is fully inside the second circle.
Fig5:
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Collision Result Circle to Circle: (found in GraphicTools)


 * Taken and adapted from



 * http://www.phy.ntnu.edu.tw/ntnujava/viewtopic.php?t=19 The following



 * code take care of collision: You need to check the condition for



 * collision occurs.
From site:
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1. Find the time when two ball collide : D= R1+ R2 
where D=Distance between center of two balls , and R1/R2 is radius of each balls 

2. Find the line connect center of two balls. and calculate the component of the velocitry for each ball alone the line connect those two balls. 
For example : Velocity for each ball is Va and Vb (before collision) 
Calculate Vap and Vbp. (and another normal component Van,Vbn) 

3. It is become a 1D collision problem: ball A with velocity Vap collide with ball B with velocity Vbp . You should be able to calculate velocity after collision for each ball. 
for example: 
Vap2=((m1-m2)/(m1+m2))vap+ (2m2/(m1+m2))Vbp and 
Vbp2=(2 m1/(m1+m2))Vap+((m2-m1)/(m2+m1))Vbp 
The tangential component is not changed Van2=Van, and Vbn2=Vbn 

4. Calculate the vector sum for velocity of each ball after collision 
Va2=Vap2+Van2 and Vb2=Vb2p+Vbn2 (vector summation)

5. The following code take care of collision: 
You need to check the condition for collision occurs. 
double dx = x2-x1, dy = y2-y1; 
// where x1,y1 are center of ball1, and x2,y2 are center of ball2 
double distance = Math.sqrt(dx*dx+dy*dy); 
// Unit vector in the direction of the collision 
double ax=dx/distance, ay=dy/distance; 
// Projection of the velocities in these axes 
double va1=(vx1*ax+vy1*ay), vb1=(-vx1*ay+vy1*ax); 
double va2=(vx2*ax+vy2*ay), vb2=(-vx2*ay+vy2*ax); 
// New velocities in these axes (after collision): ed<=1, for elastic collision ed=1 
double vaP1=va1 + (1+ed)*(va2-va1)/(1+mass1/mass2); 
double vaP2=va2 + (1+ed)*(va1-va2)/(1+mass2/mass1); 
// Undo the projections 
vx1=vaP1*ax-vb1*ay; vy1=vaP1*ay+vb1*ax; 
vx2=vaP2*ax-vb2*ay; vy2=vaP2*ay+vb2*ax;
How we used this:


We used this by immobilizing the object the ball collides and by adding friction



double friction = 0.999;



double dx = ball.getCenterX() - ellipse.getCenterX();



double dy = ball.getCenterY() - ellipse.getCenterY();



// where x1,y1 are center of ball1, and x2,y2 are center of ball2



double distance = Math.sqrt(dx * dx + dy * dy);



// Unit vector in the direction of the collision



double ax = dx / distance;



double ay = dy / distance;



// Projection of the velocities in these axes



double va1 = (v.getXCoord() * ax + (v.getYCoord()) * ay), vb1 = (-v.getXCoord()





* ay + (v.getYCoord()) * ax);



double va2 = (0 * ax + 0 * ay);



// New velocities in these axes (after collision): ed<=1, for elastic



// collision ed=1



double ed = 1;// leave at 0.5!!!!!



// simulation of mass1/mass2, from 0 to 1



double massSimlulation = 0.3;



double vaP1 = va1 + (1 + ed) * (va2 - va1) / (1 + massSimlulation);



// Undo the projections



double frictionXspd = vaP1 * ax - vb1 * ay;



double frictionYspd = vaP1 * ay + vb1 * ax;



// with friction



frictionXspd = frictionXspd * friction;



frictionYspd = frictionYspd * friction;



return new Vector2D(frictionXspd,frictionYspd);
Replacing Pinball during a collision Circle Circle: (found in GraphicCircle2D)
We with first find the two possible points of a collision in between two circles
Fig1: Fig2: Fig3:
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If a ball collides with the red circle, if it comes from the outside it will be replaced like in Fig1, and if it comes from the inside it will be replaced like in Fig2. So after a two circle collision, we want the line in Fig3 whose extremities are the two possible new centers.

This is how we find this line (replaceBallFunction in GraphicTools):
But I must first explain this method lineCircleIntersection. This method takes a line and a circle returns either

Fig4: Fig5: Fig6:
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Null Line(p,p) Line(p1,p2)


This method is inspired from:
http://astronomy.swin.edu.au/%7Epbourke/geometry/sphereline/ 


Fig7:
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OK! Now let’s go back to Fig3, this is how we find the result.
Get the line that connects both centers centerline.

Get the lineCircleIntersection (like in Fig6) with centerline and the
object this is the black diameter shown to the right.
Get the extremity of this line that is closest to the pinball and use it 
as the center of a compass. This compass (black circle in Fig7) is 
the same size as the ball.

Now do a lineCircleIntersection in between centerline and the compass, remove the compass and you get to Fig3!!!

Now test to see if the ball is inside or outside the circle and choose the correct point and use it as the new ball circle.

Collision Test Circle Line:
Get the distance in between the line and the center of the circle

Line2D line;

Circle c;

double Distance = line.ptSegDist(c.getCenter());

if ( Distance < circle radius ) than there is collision.
Replacing Pinball during a collision circle line: (found in GraphicLine2D)
Fig1: Fig2: Fig3:
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Get the lineCircleIntersection using the circle and the line (heavier black line in Fig1).

Get the middle point on this line. Connect it with the center of the circle and make a new line, baseline (Fig2).
Use a compass that has the middle point for a center and the same radius as the ball. (Fig3)
Get the lineCircleIntersection between the compass and the baseline.

The extremity of the resulting line closest to the ball is the center.

(note: thanks to pixel per pixel collision testing this last assumption is correct, otherwise you need to test where the ball was before)

4 Mathematical tools and applications

4.1 Tools
4.1.1 Vectors
Vectors are described in the Vector2D class. This class contains several methods that allow basic calculation with vectors.
A vector is described by two fields, its components (or coordinates): abscissa (field Vx) and ordinate (field Vy). Those fields are in double precision.
This class allows the following operations on vector:

Calculation of the magnitude:
Method: static public double magnitude(Vector2D V)
This method calculates the magnitude of a vector with the following formula: 
 EQ \r( Vx\s(2) + Vy\s(2)) .
The result is returned in double precision.

Calculation of the dot product:
Method: static public double dotProduct(Vector2D v1, Vector2D v2)
This method calculates the dot product of two vectors with the coordinate formula:
v1x * v2x + v1y * v2y
The result is returned in double precision.

Calculation of the angle value between two vectors:
Method: public double vectAngle(Vector2D V)
This method calculates the angle (alpha) value between this vector (V1) and another vector (V2). (see fig.1)

[image: image22]
fig.1

Alpha is calculated with these dot product formulas:
v1x * v2x + v1y * v2y

||V1|| * ||V2|| * cos(alpha)

So:
cos(alpha) = (v1x * v2x + v1y * v2y) / ( ||V1|| * ||V2|| )


alpha = arcos(cos(alpha))
The value of alpha is returned in double precision and its unit is radian.
Addition of two vectors:
Method: public Vector2D addVector(Vector2D V)
This method adds two vectors regarding to the Chasles relation:

V1(V1x ; V1y) and V2(V2x ; V2y) if V3 result of the addition of V1 and V2 then 
V3(V1x+V2x;V1y+V2y).

The result of this operation is a new vector.
Translation of a point with a vector:
Method: public Point2D.Double translation(Point2D P)
This method translates a point P(xp; yp) to a new position P’(xP’; yP’) assigned by the vector V(vx; vy) according to the relation:
xP’ = xP + vx
yP’ = yP + vy
This method returns a result as a new Point2D designing the new position.

Rotation of a vector:
Method: public Vector2D rotation(double alpha)

This method creates a new vector V’(v’x ; v’y) which is this vector V(vx ; vy) after a rotation with an angle of alpha (radian). The result is given with the following relation:
v’x = vx * cos(alpha) - vy * sin(alpha)

v’y = vx * sin(alpha) + vy * cos(alpha)
This method returns a new Vector2D
Multiplication of a vector with a scalar:
Method: public Vector2D cstMultiplication(double cst)
This method creates a new vector V’(v’x ; v’y) which is this vector V(vx ; vy) after a multiplication by a scalar (cst). The result is given by the following relation:

v’x = vx * cst

v’y = vy * cst

This method returns a new Vector2D.

If cst is equal to -1 it create the opposite Vector.

Normalization of a vector:
Method: public static Vector2D normalizeVector(Vector2D v)
This method create a vector V’(v’x ; v’y) which is the unity vector, following the x coordinate, of the parameter V(vx ; vy). The result is given by the following relation:

v’x = vx / |vx|

v’y = vy / |vx|

The vx absolute value is used in order to keep the sign of the vx and vy component.
4.1.2 Lines calculation tools

This class contains several static methods used to operate on two dimensional lines. The equations of those lines are given in the Cartesian style (D): ay + bx + c = 0. With this style of equations the problems of verticals lines are avoided.
Calculation of the equation of a line:
Method: 
public static double[] calculateLineEquation(Line2D line) or 



public static double[] calculateLineEquation(Point2D p1, Point2D p2)
Description of the parameters:

p1(xp1 ; yp1), p2(xp2 ; yp2) and the line is defined by two points p1 and p2.
The calculation of a line equation has two cases: vertical lines and the others.

In the case of a vertical line the equation looks like bx + c = 0 or x = -c / b. So the problem is easily solved:
a = 0

b = 1

c = xp1
In the other cases there are two steps:
First calculate the coefficient of the affine equation (D: y = m * x + p)
Line’s gradient calculation with the two points coordinates:

m = (yp2 – yp1) / (xp2 – xp1)

p calculation with the coordinates of a point and the line’s gradient:

p = yp1 – m * xp1
Then the calculation of the Cartesian form of the equation is easy:
a = 1

b = -m

c = -p

This method returns an array of three double:

The first case is a, the second case is b and the third case is c.

Line perpendicular equation calculation:
Method:

public static double[] calculatePerpendiculaire(Point2D point, double coefDirecteur)
Parameters description: point is a two dimensional point (x, y), coefDirecteur is the directing ratio of the line we need to find the perpendicular.
This method calculates the equation of the perpendicular line to another one. The equation is given in affine form (D): y = mx + p.

The perpendicular directing ratio calculation is found with the following relation:

m = -1 / coefDirecteur
The p is found using the point’s coordinates (x, y)

p = y – mx

The method returns an array in double precision which contains two cases:

The first one is m and the second one p.

Two lines intersection point calculation:
Method: public static Point2D.Double calculateLineIntersect(Line2D lineA, Line2D lineB)
This method calculates the intersection point coordinates.
Two lines intersect when their equations are equals.

First calculate the equations of the lines (lineA: (eqA): a1y + b1x + c1 = 0, lineB: (eqB): a2y + b2x + c2 = 0).

Second a1y + b1x + c1 = a2y + b2x + c2 so 
x = (c1 * a2) - (c2 * a1)) / ((b2 * a1) - (a2 * b1)
To find y use one of the both equation: y = ((-b2 / a2) * x) - (c2 / a2)
The method returns a point2D created with the coordinates x and y.
4.2 Application in the project
4.2.1 First collision test algorithm
In the first version the ball had a discrete movement. The first solution for checking a collision is checking for intersection between circle and an obstacle. But in this case, between two positions, we don’t know what happen. (see fig.1)

[image: image23]
Fig.1
Checking for a collision meant that we had to know what happen between two positions. To discover what happen we need to find out whether, on its way, the ball cross over an obstacle. The solution is to check if the swept area by the ball intersects with an obstacle. (see fig.2)

[image: image24]
Fig. 2

The swept area is compound of a rectangle as it is represented on the fig. 2. The longer of this rectangle is parallel to the ball trajectory. To build this rectangle we need to find the perpendicular line to the trajectory which go threw the center of the ball at the positions before moving and after moving. Find where these lines intersect with the ball. And finally create two Line2D.Double and test if the area intersects with an obstacle using the intersectLine(Line2D line) method contained in the line2D class.
Conclusion:

This method had a major problem. Has we can see in the fig. 2 the ball collide with three parts of the obstacle. The question is what is the first element which collided with the ball? To solve this problem we decided to use the collision test method that is implemented in the version 2 of the project.
4.2.2 Collision result


[image: image25]
Fig. 1
When we look at the fig. 1 we notice that the angle formed between the incoming trajectory and the normal to the obstacle and the outgoing trajectory and the normal is the same. The question is how to find this angle?

To find the angle alpha we can move the direction vector as in the next drawing so it simplifies calculation.

[image: image26]
Fig. 2
We can project the vector on the axis so we have a rectangle triangle. Let’s zoom on this triangle.

[image: image27]
Fig. 3
On the figure 3 we can see that 

alpha = (PI / 2) – beta and 
beta = gamma – delta

With the projections of the coordinates of v on the axis we can calculate gamma, for a better precision we calculate the value of the angle with the sine and cosine:

Sine(gamma) = Vy / ||v|| and cosine(gamma) = Vx / ||v||
With these two values sign and according to the trigonometric circle, we can find the real value of the angle (important for the way of rotation). We can find it with the following algorithm:

private double angleCalculation(Vector2D vect) {



double sine, cosine;



double alpha;



double[] obsEq = Line2DTools.calculateLineEquation(this.line);



double obsGradient;



// Calculation of the angle's sine and cosine



cosine = vect.getXCoord() / Vector2D.magnitude(vect);



sine = vect.getYCoord() / Vector2D.magnitude(vect);



// Calculation of the obstacle gradient



if (obsEq[0] != 0.0) {




obsGradient = -obsEq[1] / obsEq[0];



}



Else //The line is vertical so give it a dummy value




obsGradient = 0.0;



// Calculation of the angle's true value



alpha = Math.acos(cosine);



rotationWay = 1;



if (cosine > 0.0 && sine > 0.0) {




if (obsGradient < 0.0) {





rotationWay = -1;





alpha = Math.PI - alpha;




}




// Depending on the result of the math.acos method alpha is




// unchanged if the obstacle gradient is positive



}



else if (cosine > 0.0 && sine < 0.0) {




alpha = -alpha;




if (obsGradient < 0.0) {





rotationWay = -1;





alpha = Math.PI - alpha;




}



}



else if (cosine < 0.0 && sine > 0.0) {




if (obsGradient < 0.0) {





rotationWay = -1;





alpha = Math.PI - alpha;




}




// Depending on the result of the math.acos method alpha is




// unchanged if the obstacle gradient is positive



}



else if (cosine < 0.0 && sine < 0.0) {




if (obsGradient <= 0.0) {





rotationWay = -1;




}




// Depending on the result of the math.acos method alpha is




// unchanged if the obstacle gradient is positive



}



else if ((cosine == 0.0 || sine == 0.0) && obsGradient < 0.0){




rotationWay = -1;




alpha = Math.PI - alpha;



}



return alpha;


}

Why is there a rotation way variable:


[image: image28]
A positive gradient obstacle

A negative gradient obstacle
In both case the angle is the same but the rotation way is not the same that’s why we need a multiplication by 1 or -1 of the angle value to be sure the rotation is done in the right way.
The calculation of delta is easy: 

With its projection on the axis (obsX and obsY), the obstacle create a rectangle triangle delta is the angle formed between the x axis and the obstacle.

So sine(delta) =  |obsY| / obsLenght (which is the distance between the 2 extremity of the obstacle).

To find alpha we have the following algorithm:

public Vector2D CollisionResult(Circle c,Vector2D v) {



double alpha, beta, gamma, delta, teta; // angles



double varY, obsLenght;



// ** calculer l'angle alpha entre les vecteurs ** //



// Step 1 : calculer l'angle gamma former entre la trajectoire et l'axe



// des absysses



gamma = this.angleCalculation(v);



// Step 2 : calculer l'angle delta former entre l'obstacle et l'axe des



// absysses



// Calculer la variation en y de la ligne (varY)



varY = line.getY2() - line.getY1();



// Calculer la longueur de l'obstacle obsLenght



obsLenght = line.getP1().distance(line.getP2());



delta = Math.asin(Math.abs(varY) / obsLenght);



// Step 3 : calculer l'angle beta former par la trajectoire et



// l'obstacle



beta = gamma - delta;



// Step 4 : calculer l'angle alpha former entre la normale a l'obstacle



// et la trajectoire



alpha = (Math.PI / 2) - beta;



// Step 5 : calculer l'angle (teta) de la rotation



teta = Math.PI - 2 * alpha;



// ** Trouver le sens de rotation ** //



// int way = speedV.angleWay(new Vector2D(this.obstacle));



// ** calculer le nouveau vecteur vitesse ** //



// on effectue une rotation d'un angle -teta car le sens positif des



// ordonnées est du haut vers le bas de l'écran



Vector2D retrn = v.rotation(-teta * rotationWay);



return retrn.cstMultiplication(0.9);


}
Before returning the new vector there is a multiplication of the vector with a constant (<1) this is due to the loss of energy due to friction, it allowed the ball to stop.

5 Conclusion

The StarBall v2 Motor is a great stepping stone for your 2D Java ball based Games.

We will continue to work on it.[image: image29.png]
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