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CoNoaRrwhE

/***********************************************************************

* collision.c

* This is a sinple double buffered programthat denonstrates double

* pbuffering and animation. Mre inportantly, it denonstrates collision
* detection and response for spheres (here, 2-D balls). This works fine
*
*

assumi ng we don’t have "too many" collisions at one tine.
**********************************************************************/

/* Uncomment the following to aimthe blue ball at (X_OFFSET, 0.0) rather
* than the origin.
*/

#defi ne OFFSET

#defi ne X _OFFSET 10.0

/* Uncomment the following to nake the blue ball be stationary at the
* (X_STATI ONARY, Y_STATIONARY). This option has priority over OFFSET.
*/

/* #define STATI ONARY */
#def i ne X_STATI ONARY 10.0
#defi ne Y_STATI ONARY 0.0

Sone basic constants. MAX BALLS is rather neaningless at this point.
ESC is the ASCI| value of the Esc key. ELASTICITY is used to define

the elasticity of collisions. It nay range between 1.0 (conpletely
elastic) to 0.0 (conpletely inelastic). VELOCITY_SCALE is used to scale
velocity to a reasonabl e val ue on fast nachi nes.
/

L

#def i ne MAX_BALLS 2

#define Pl 3.14159265

#defi ne ESC Ox1b

#define ELASTICITY 1.0
#def i ne VELOCI TY_SCALE 0. 33

#i ncl ude <G/ gl ut. h>
#i ncl ude <stdlib. h>

#i ncl ude <math. h>

#i ncl ude <sys/types. h>
#i ncl ude <tine. h>

/* Basic data structures for the sinulation. W would be better off doing
* this in C++ and using proper classes.
*/

typedef struct Col or

GLdouble r, g, b;
} Color;

/* This should really be extended to three dinensions */
typedef struct Vector2

GLdoubl e x, v;
} Vector2,;

/* Most of these are self-explanatory. handle is the display |list necessary
* for rendering a ball.
*/

typedef struct Ball
{
Vector2 position; /* Ok, soit's not really a vector. Sue ne. */
Vector2 vel ocity;
GLdoubl e radi us;
GLdoubl e mass;
Col or col or;
GLui nt handl e;
} Ball;

AR E R ER AR EREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R

* Prototypes for basic vector operations. These should really be nethods
* associated with some classes. |In particular, it would be nice to be
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81: * overloading operators so that we don’t have so many nested function calls
82: * |ater.

83- ***********************************************************************/

85: doubl e di stanceSquar ed(doubl e x, double y);

86: Vector2 scal ar Product (doubl e s, Vector2 v);

87: doubl e vectorLength(Vector2 v);

88: doubl e dot Product (Vector2 a, Vector2 b);

89: Vector2 nornalize(Vector2 v);

90: Vector2 negateVector(Vector2 v);

91: Vector2 vectorSumVector2 a, Vector2 b);

92: Vector2 vectorDifference(Vector2 a, Vector2 b);

95- /***********************************************************************

96: * Prototypes for collision detection and response, and for setting
97: * attributes of the sinulation objects.

98: LA EEEEEEEEERE SRR EEEE R EERE R EEEEEEEEEE R R R Ry

100: int collision(Ball balll, Ball ball?2);

101: void collisionResponse(Ball* balll, Ball* ball?2);
102: void placeBal |l s(void);

103: void initBalls(void);

AR E R EE AR R E R R EE R EEEE R EEEE R EE R R R R

107: * Prototypes for the basic OpenG functions.

108: LR EEEEE R R R EEEEEE R EERE R EEEE R EEEEE R R R Ry

110: void display(void);

111: void init(void);

112: void reshape(int w, int h);

113: void idle(void);

114: voi d keyboard(unsi gned char key, int x, int y);

117: /* Data structure for holding the simulation objects. */

119: Ball bal | s| MAX_BALLS];

R AR R AR R R R R R R R R RS E R R

123: * Definitions for basic vector operations.

124: LR EEEEEEEEERE R EEEE R EERE R EEEE R EEEEE R R EEEE Ry

(PR E R R R R R R R R R R R R R R R

127: * W use di stanceSquared() wherever we can to avoid conputing a square

128: * root (expensive).
129- ***********************************************************************/

131: doubl e di st anceSquar ed(doubl e x, double y)
132: {

133: return x * x +y *vy;

134: }

137: Vector2 scal arProduct (double s, Vector2 v)
138: {

*
*

V. X S;
140: V.y S;

142: return v,

146: doubl e vectorLengt h(Vector2 v)

147: {

148: return sqgrt(di stanceSquared(v.x, Vv.y));
149: }

152: doubl e dot Product (Vector2 a, Vector2 b)
153: {

154: return a.x * b.x + a.y * b.y;

155: }

158: Vector2 nornalize(Vector2 v)

oA
160: doubl e I ength = vectorLength(v);
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v.Xx /= length;
v.y /= length;
return v;
}
Vect or 2 negat eVect or (Vector2 v)
{
V.X = -V.X;
V.Y = -V.Y;
return v;
}
Vector2 vectorSum(Vector2 a, Vector2 b)
{
a.x += b.x;
a.y += b.y;
return a;
}
Vector2 vectorDifference(Vector2 a, Vector2 b)
{
a.x -= b.x;
a.y -= b.y;
return a;
}

AR AR R ER AR EREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEEEEEEEE LR

* Collision detection and response functions.

LA EEEE SRR R R EEEE R R EEEEE R EEEEE R R EEEE Ry

int collision(Ball balll, Ball ball?2)
doubl e radi usSum = bal |l 1.radi us + ball 2. radi us;

/* Vector fromcenter of ball2 to center of balll. This vector is
* normal to the collision plane.
*/

Vector2 collisionNormal = vectorDifference(balll. position,
bal | 2. position);

/* Note that we're conparing square of distance, to avoid conputing
* square roots. W' ve had a collision if the distance between

* the centers of the balls is <= to the sumof their radii.

*/

return (distanceSquared(collisionNornmal.x, collisionNornal.y)
<= radi usSum * radi usSum
?1: 0;

AR AR R EE AR EREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEE R R

* W may have to make nodifications to balll and ball2, so we need to
* pass in pointers to them This function will determi ne the response
* (result) to the collision.

LR EEEEE R R R R RS EERE R EEEEEEEEEE R ERE R R Ry

voi d col lisionResponse(Ball* balll, Ball* ball2)
doubl e radi usSum = bal | 1- >radi us + bal | 2->r adi us;

/* Vector fromcenter of ball2 to center of balll. This vector is
* normal to the collision plane.

*/
Vector2 col lisionNormal = vectorDifference(ball 1->position,
bal | 2- >posi tion);
/* Penetration distance is sumof radii |ess distance between centers

* of the two balls.
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*/

doubl e di stance = sqrt(di stanceSquared(collisionNornal. X,
col l'i sionNormal .y));
doubl e penetration = radi usSum - di stance;

Vector2 relativeVelocity = vectorDifference(ball 2->velocity,

bal | 1->vel ocity);

/* Dot product of relative velocity and collision normal. If this
* is negative, the balls are already noving apart, and we need not
* conpute a collision response.

*/

doubl e vDQOTn;

/* The following are used to conpute the collision inpulse. This is

* energy added to each ball to draw them apart follow ng the collision.
* The total energy in the systemrenains the sane, or is |less than

* before the collision if the collision is inelastic.

*/

doubl e nuner at or;
doubl e denoni nat or;
doubl e i nmpul se;

col l'i sionNormal = nornalize(collisionNormal);

/* Readjust ball position by translating each ball by 1/2 the
* penetration distance along the collision nornal.

*

/

bal | 1- >position
= vector Sun(bal | 1->posi tion,
scal arProduct (0.5 * penetrati on,
col lisionNormal));

bal | 2- >posi tion
= vectorDifference(ball 2->position,
scal arProduct (0.5 * penetration,
col I'i si onNormal ));

vDOTn = dot Product (rel ativeVel ocity, collisionNormal);

if (vDOIn < 0.0)
return;

/* Conpute inpulse energy. */

numerator = -(1.0 + ELASTICITY) * vDOrn;
denomi nator = (1.0 / ball2->mass + 1.0 / ball 1->nass);
i mpul se = nunerator / denoni nator;

/* Apply the inpulse to each ball. */

bal | 2->vel ocity = vector Sunm(bal |l 2->vel ocity,
scal ar Product (i npul se / bal | 2- >mass,
coll'i sionNormal));

bal | 1->vel ocity = vectorDifference(ball 1->velocity,
scal ar Product (i npul se / ball 1- >mass,
coll'i si onNormal ));

/***********************************************************************

*

*

¥ %k 3k 3k ok ok ok Ok Ok Ok % F

Assign initial positions for the balls. This is done as follows.

For the first ball, assign it a random position about the unit

circle. Convert this to Cartesian coordinates (x, y). This position,
when | ooked at as a vector, has length 1.0. The vector (-x, -y) then
can be used as a normalized velocity vector pointing toward the origin,
our default collision point. Then, scaling the position vector by 40.0
translates the ball out to the correspondi ng point along the circle

wi th radius 40.0.

A simlar algorithmis used to place the second ball, with one slight
difference: W don’t want the balls to overlap when we start out. To
avoid this, we conmpute the second ball’s position as an offset to the
first ball’s position. The range of this offset is (PI/4.0) to
(7.0*PI/4.0). Thus, the two balls are at least (PlI/4.0) radi ans away
from each ot her.
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This code was factored out of initBalls() so that we could call it each
tinme the two balls leave the clipping rectangle. initBalls() need only

be call ed once, at the beginning of the sinulation
***********************************************************************/

k0 k k Ok

voi d pl aceBal | s(voi d)

{

doubl e angl e

/* Conmpute position and velocity of first ball
/* (double) rand() / (double) RAND MAX will give us a random doubl e
* value on the closed interval [0.0, 1.0].

*|

angle = 2.0 * PI * (double) rand() / (double) RAND MAX
bal I s[0] . position.x = cos(angle)

bal | s[0] . posi tion. si n(angl e)

bal | s[0].velocity.
bal | s[0].velocity.
bal | s[0].velocity
bal | s[0] . position

-bal I s[ 0] . position.x

-ball s[0].position.y;

scal ar Product (VELOCI TY_SCALE, balls[0].velocity)
scal ar Product (40.0, balls[O0]. position)

< X< x
(/I

/* Compute position and velocity of second ball. */

angle += Pl / 4.0 + 1.5 * Pl * (double) rand() / (double) RAND MAX
bal I s[1] . position.x = cos(angle)
bal | s[1] . position.y = sin(angle)
#i f ndef OFFSET
/* Aimsecond ball so that it passes through (0.0, 0.0). */
bal | s[1] . velocity.x = -balls[1].position.x
bal I s[1].velocity.y = -balls[1].position.y;
bal | s[ 1] . positi on = scal ar Product (40. 0, balls[1]. position)
#el se
/* Aimsecond ball so that it passes through (X_OFFSET, 0.0). */
bal | s[1] . position = scal ar Product (40. 0, balls[1].position)
bal I s[1] . velocity.x = X _OFFSET - ball s[1]. position.x
bal I s[1].velocity.y = -balls[1].position.y;
/* The velocity vector, as conmputed, isn't nornalized. Let’'s nornalize
*it.
*/
bal I s[1].velocity = nornalize(balls[1].velocity);
#endi f

bal | s[1] . velocity = scal ar Product (VELOCI TY_SCALE, balls[1].velocity)

#i f def STATI ONARY
/* Place the second ball at a stationary position defined by
* (X_STATI ONARY, Y_STATI ONARY).
*|

bal | s[ 1] . position.x = X_STATI ONARY;

bal I s[1].position.y = Y_STATI ONARY;

bal | s[1] .velocity.x = balls[1].velocity.y = 0.0;
#endi f

}

AR AR R EE AR EREEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R

* Assign initial attributes to the two balls. This data should really

* be read froma file
***********************************************************************/

void initBalls(void)
L
int i;
GLUquadricObj *qobj; /* Need this to generate the spheres (disks). */

/* Conmpute starting positions and velocities for the balls. */
pl aceBal | s();

ball s[0].radius = 7
ball s[0].mass = 2.0
bal | s[0].color.r
ball s[0].color.g
bal I s[0].color.b

. 0;

1.0;
0.0;
0.0

bal | s[1] .radius = 5.0;
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bal | s[1] . mass = 1. 0;

ball s[1].color.r = 0.0;
ball s[1].color.g = 0.0;
ball s[1].color.b = 1.0;
/* Create display lists for each ball. */

for (i = 0; i < MAX_BALLS; ++i)

{
bal I s[i].handl e = gl GenLists(1);
qobj = gl uNewQuadric();
gl NewLi st (bal I s[i].handl e, G._COWI LE);
gl ubi sk(qobj, 0.0, balls[i].radius, 72, 1);
gl EndLi st ();
}

/***********************************************************************
* OpenGL functions.
***********************************************************************/

/***********************************************************************

* Recall, this will do our rendering for us. It is called follow ng
* each sinulation step in order to update the w ndow.

***********************************************************************/
voi d di spl ay(voi d)
et

int i;

gl A ear (GL_COLOR_BUFFER BI T);

/* Render balls. */

for (i = 0; i < MAX_BALLS; ++i)

{
gl Col or 3f (bal I s[i].color.r, balls[i].color.g, balls[i].color.Db);
gl PushMatri x();
gl Transl atef (balls[i].position.x, balls[i].position.y, 0.0);
gl Cal I List(balls[i].handle);
gl PopMatri x();
}

/* Swap buffers, for smpoth animation. This will also flush the
* pi peline.
*/

gl ut SwapBuffers();

voi d init(void)

gldearColor (0.0, 0.0, 0.0, 0.0);
gl ShadeMbdel (GL_FLAT); /* Probably unnecessary. */

initBalls();

AR AR R EE AR EREEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEEE R R

* Htting the Esc key will exit the program

LA EEEEE R R R EEEEEE R EERE R EEEE R EEEEE R R R R Ry

voi d keyboard(unsi gned char key, int x, int vy)
switch (key)
{

case ESC.
exit(0);
br eak;

/***********************************************************************

* Set the basic world coordinates to screen coordi nates mappi ng.
***********************************************************************/
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481: void reshape(int w, int h)

482: {
483:
484
485:
486:
487:
488:
489:
490:
491: }
492:
493:

/* Probably needs to be fixed. */

gl Viewport (0, 0, (Gsizei) w, (GLsizei) h);
gl Mat ri xMode( GL_PRQIECTI ON) ;

gl Loadl dentity();

gl Ortho(-50.0, 50.0, -50.0, 50.0, -1.0, 1.0);
gl Mat ri xMbde( GL_MODELVI EW ;

gl Loadl dentity();

AQ4: [ KKK KKk KKKk Kk kKRR K R Rk KR R K R R R R R R R R Rk R R R R R R R R R R R R R R R R R R R R R R R Rk R kR R Rk kR ok kK

495:
496:
497:
498:
499:
500:
501:

*

*

*

*

*

This conputes a sinulation step. Updated ball positions are conputed
using each ball’s velocity. Then, we check to see if the balls have
collided. |If so, we conpute the response. Finally, we see if either
ball is leaving the clipping region. |If so, we call placeBalls() to
re-start the sinulation.

LR R EEEEEEEEE RS EEEEEE R EERE R EEEEEEEEEE R R R R Ry

502: void idle(void)

503: {
504:
505:
506:
507:
508:
5009:
510:
511:
512:
513:
514:
515:
516:
517:
518:
519:
520:
521:
522:
523:
524
525:
526:
527:
528:
529:
530: }
531:
532:

int i;

/* Update positions. */

for (i = 0; i < MAX_BALLS; ++i)

{ bal I s[i].position.x += balls[i].velocity.X;
ball s[i].position.y += balls[i].velocity.y;

}

/* Check for collisions and act. */

if (collision(balls[0], balls[1]))
col l'i si onResponse(&bal I s[0], &balls[1]);

/* For efficiency, do not conpute square roots. This is checking to
* see if either ball is outside the circle of radius 50.0.
*/
if (distanceSquared(balls[0].position.x, balls[0].position.y) > 2500.0
|| di stanceSquared(balls[1].position.x, balls[1].position.y) > 2500.0)
pl aceBal | s();
/* Re-render the scene. */

gl ut Post Redi spl ay();

533 /***********************************************************************

534:
535:
536:

*

Request doubl e buffer display node for smooth ani mation.

***********************************************************************/

537: int main(int argc, char** argv)

538: {
539:
540:
541
542:
543:
544
545:
546:
547:
548:
549:
550:
551:
552:
553: }

srand((unsigned int) time(NULL));
glutlnit(&rgc, argv);

glutlnitD splayMde (GLUT_DOUBLE | GLUT_RGB);
gl ut | ni t WndowSi ze (500, 500);

gl utlnit WndowPosition (100, 100);

gl ut Creat eW ndow (" Col I'i di ng balls");
init();

gl ut Di spl ayFunc(di spl ay);

gl ut ReshapeFunc(reshape) ;

gl ut Keyboar dFunc(keyboar d) ;

gl utldl eFunc(idle);

gl ut Mai nLoop() ;

return O;



