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

Tom Kel |'i her, Goucher Coll ege
Feb. 15, 2013
col l'ision.cpp

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

assunmi ng we don’t have "too many" collisions at one tine.

*

*

*

* This is a sinple double buffered programthat denonstrates doubl e

*

*

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

/* Uncoment the follow ng for double buffering. |If single buffering,
* VELOCI TY_SCALE will be need to be significantly reduced (start by
* shrinking it by a factor of 100).

*/

#def i ne DOUBLE_BUFFER

/* Uncoment the follow ng to handl e wi ndow reshape events */

#def i ne RESHAPE

/* Uncomment the following to use a viewport to correct the aspect ratio
* during reshape events. Oherwi se, the clipping region will be

* reshaped to match the wi ndow s aspect ratio.

*/

[ [ #defi ne VI EWPORT

/* Uncoment the following to aimthe blue ball at (X OFFSET, 0.0) rather
* than the origin.
*/

#defi ne OFFSET
const float 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.
*/

/| #def i ne STATI ONARY
const float X STATI ONARY
const float Y_STATI ONARY

10. 0;
0. 0;

/* Sone basic constants. MAX_BALLS is rather neaningless at this point.

* ESC is the ASCI|1 value of the Esc key. ELASTICITY is used to define

* the elasticity of collisions. It may range between 1.0 (conpletely

* elastic) to 0.0 (conpletely inelastic). VELOCITY SCALE is used to scale
* velocity to a reasonabl e value on fast nmachines. SLICES is the nunber

* of vertices to generate for rendering a ball, which is rendered as a

* circle.

*

~

const int MAX BALLS = 2;

const int ESC = Oxlb;

const float ELASTICITY = 1.0;
const float VELOCI TY_SCALE = 1.0;
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const int SLICES = 72;

#i ncl ude <tine. h>
#i ncl ude "Angel . h"

/* ldentifiers for the shader programs and the uniform projection and nodel
* view matrices in the vertex shader (see vshader4l.glsl).
*/

GLui nt program
GLui nt projection;
GLui nt nodel _view,

/* Basic data structures for the sinulation. */

typedef vec3 Col or;

/* Most of these are self-explanatory. vao is the indentifier for the vertex
* array object holding the vertex attributes for this ball. nunVertices

* is the nunber of vertices represented within the VAO geonetry is the

* geonetry (GL_LINES, G._TRIANGLES, etc.) to use when draw ng the VAQ

*/

typedef struct Ball

vec2 position;
vec2 vel ocity;
G.doubl e radi us;
G.doubl e mass;
Col or col or;
GLui nt vao;
Gui nt nunVerti ces;
GLui nt geonetry;

} Ball;

/* Initial window wi dth and hei ght */

Gui nt wi ndowwW dt h = 500;
GLui nt wi ndowHei ght = 500;

/* W use a 1:1 aspect ratio. For convenience in setting the projection
* matrix, WORLD HALF is half the clipping region’s width/height. Refer
* to display().

*
/

const GL.float WORLD HALF = 50. 0;

GLfloat worl dRi ght = WORLD HALF;
GLfl oat worl dTop = WORLD HALF;

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

* Prototypes for basic vector operations not already defined in vec. h.
***********************************************************************/

GLfl oat di stanceSquared(vec2 v);

/***********************************************************************
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* Prototypes for collision detection and response, and for setting

* attributes of the sinulation objects.
***********************************************************************/

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

void collisionResponse(Ball & ball1, Ball& ball2);
voi d placeBal |l s(voi d);

void initBalls(void);

GLuint createCrcle(Ball ball);

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

* Prototypes for the basic OpenGL functions.

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

voi d display(void);

void init(void);

void reshape(int w, int h);

voi d idle(void);

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

/* Data structure for holding the sinulation objects. */
Bal | bal | s| MAX_BALLS];

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

* Definitions for basic vector operations.
***********************************************************************/

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

* W use distanceSquared() wherever we can to avoid computing a square

* root (expensive).
***********************************************************************/

GLfl oat di stanceSquared(vec2 v)

{
}

return dot(v, v);

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

* Collision detection and response functions.
***********************************************************************/

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

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

vec2 collisionNormal = balll.position - ball2.position

/* Note that we're conparing square of distance, to avoid conputing
* square roots. We've had a collision if the distance between
* the centers of the balls is <=to the sumof their radii.
*/

return (di stanceSquared(collisionNornal) <= radi usSum * radi usSum
?1: 0
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190: }

191:

192:

193 /***********************************************************************
194: * We may have to nake nodifications to balll and ball2, so we need to
195: * pass in references to them This function will determ ne the

196: * response to the collision and nodify each ball’s position and

197: * velocity vector to account for the collison response.

198 ***********************************************************************/
199:

200: void collisionResponse(Ball & balll, Ball & ball 2)

201:

202: doubl e radi usSum = bal | 1. radi us + ball 2. radi us;

203:

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

206: */

207:

208: vec2 collisionNormal = balll.position - ball2.position

209:

210: /* Penetration distance is sumof radii |ess distance between centers
211: * of the two balls.

212: */

213:

214: doubl e di stance = Il ength(collisionNormal);

215: doubl e penetration = radi usSum - di stance;

216:

217: vec2 relativeVelocity = ball2.velocity - balll.velocity;

218:

2109: /* Dot product of relative velocity and collision normal. [If this
220: * is negative, the balls are already noving apart, and we need not
221: * conmpute a collision response.

222: */

223:

224: doubl e vDOTn;

225:

226: /* The following are used to conpute the collision inpulse. This is
227: * energy added to each ball to draw them apart followi ng the collision
228: * The total energy in the systemrenmains the same, or is less than
229: * before the collision if the collision is inelastic.

230: */

231:

232: doubl e nunerat or;

233: doubl e denoni nat or

234: doubl e i mpul se

235:

236: col l'isionNormal = nornalize(collisionNormal);

237:

238: /* Readjust ball position by translating each ball by 1/2 the

239: * penetration distance along the collision nornmal.

240: */

241

242: ball 1. position = ball 1. position + 0.5 * penetration * collisionNormal
243:

244 ball 2. position = ball 2. position - 0.5 * penetration * collisionNornal;
245:

246: vDOTn = dot(relativeVelocity, collisionNormal);

247:

248: if (vDOTn < 0.0)

249: return;

250:

251: /* Conpute inpulse energy. */

252:
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253: nunerator = -(1.0 + ELASTICI TY) * vDOTn;

254 denom nator = (1.0 / ball2.mass + 1.0 / ball 1. nass);

255: i mpul se = nunerator / denoni nator

256:

257: /* Apply the inmpulse to each ball. */

258:

259: ball2.velocity = ball2.velocity + inpulse / ball?2.nmass * collisionNornal;
260:

261: ball1.velocity = balll.velocity - inmpulse / balll.mass * collisionNormal
262: }

263:

264

265- /***********************************************************************

266: * Assign initial positions for the balls. This is done as follows.
267: * For the first ball, assign it a random position about the unit

268: * circle. Convert this to Cartesian coordinates (x, y). This position
269: * when | ooked at as a vector, has length 1.0. The vector (-x, -y) then
270: * can be used as a nornalized velocity vector pointing toward the origin,
271: * our default collision point. Then, scaling the position vector by 40.0
272: * translates the ball out to the corresponding point along the circle
273: * with radius 40.0.

274; %

275: * A simlar algorithmis used to place the second ball, with one slight
276: * difference: W don't want the balls to overlap when we start out. To
277: * avoid this, we conpute the second ball’s position as an offset to the
278: * first ball’'s position. The range of this offset is (PI/4.0) to

279: * (7.0*PI/4.0). Thus, the two balls are at least (PlI/4.0) radi ans away
280: * from each other.

281; *

282: * This code was factored out of initBalls() so that we could call it each
283: * time the two balls leave the clipping rectangle. To sinplify matters,
284: * we reset when either ball |eaves the circle of radius 50.0 centered at
285: * the origin. initBalls() need only be called once, at the beginning of
286: * the sinulation.

287 * ***********************************************************************/
288:

289: void placeBalls(void)

290:

291: doubl e angl e;

292:

293: /* Conpute position and velocity of first ball. */

294

295: /* (double) rand() / (double) RAND MAX will give us a random doubl e
296: * value on the closed interval [0.0, 1.0].

297: */

298:

299: angle = 2.0 * MPI * (double) rand() / (double) RAND MAX;

300: bal I s[0]. position.x = cos(angle);

301: bal I s[0].position.y = sin(angle);

302: bal | s[0].velocity.x = -balls[0].position.x;

303: bal I s[0].velocity.y = -balls[0].position.y;

304: bal I s[0].velocity = VELOCI TY_SCALE * balls[O0].velocity;

305: bal I s[0].position = 40.0 * balls[0].position

306:

307: /* Conpute position and velocity of second ball. */

308:

309: angle += MPl / 4.0 + 1.5 * MPI * (double) rand() / (double) RAND MAX;
310: bal I s[1]. position.x = cos(angle);

311: bal I s[1].position.y = sin(angle);

312:

313: #ifndef OFFSET

314: /* Aimsecond ball so that it passes through (0.0, 0.0). */

315: bal | s[1].velocity.x = -balls[1].position.X;
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bal Il s[1].velocity.y = -balls[1].position.y;
bal | s[1].position = 40.0 * balls[1].position
#el se
/* Aimsecond ball so that it passes through (X OFFSET, 0.0). */
bal Il s[1].position = 40.0 * balls[1].position
bal I s[1].velocity.x = X OFFSET - balls[1]. position.Xx;
ball s[1].velocity.y = -balls[1].position.y;
/* The velocity vector, as conputed, isn't nornalized. Let's nornalize
.
*llt.
bal Il s[1].velocity = normalize(balls[1].velocity);
#endi f

bal I s[1].velocity 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 I s[1]. position. x
bal | s[1].position.y
bal I s[1].vel ocity. x
#endi f

}

X_STATI ONARY;
Y_STATI ONARY;
balls[1].velocity.y = 0.0;

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

* Assign initial attributes to the two balls. This data should really
* be read froma file.

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

void initBalls(void)

{
/* Conpute starting positions and velocities for the balls. */
pl aceBal | s();
/* Assign physical attributes to the balls. */
ball s[0].radius = 7.0;
bal I s[0] . mass = 2.0;
bal Il s[0].color = vec3(1.0, 0.0, 0.0);
bal Il s[1].radius = 5.0;
bal I s[1].mass = 1.0;
ball s[1].color = vec3(0.0, 0.0, 1.0);
/* Create geonetry informati on and vaos for each ball. */
for (int i =0; i < MAX_BALLS; ++i)
balls[i].vao = createCircle(balls[i]);
balls[i].geonetry = G._TRI ANGLE_FAN;
bal I s[i].nunVertices = SLICES;
}
}

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

* Create and setup a conplete vao, buffer, and set of shader prograns

* to render the given ball as a circle.
***********************************************************************/
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379:

380: CLuint createCrcle(Ball ball)

381: {

382: GLui nt vao, buffer;

383:

384: vec2 poi nts[ SLI CES];

385: vec3 col ors[ SLI CES] ;

386: GL.float angle = 0.0;

387: GLfloat sliceAngle = 2.0 * MPlI / (Gfloat) SLICES;

388:

389: for (int i =0; i < SLICES; i++4)

390: {

391: points[i] = ball.radius * vec2(cos(angle), sin(angle));
392: colors[i] = ball.color;

393: angl e += sliceAngl e;

394 }

395:

396: gl GenVertexArrays(1, &vao);

397: gl Bi ndVert exArray(vao);

398:

399: gl GenBuffers(1, &buffer);

400: gl Bi ndBuf f er (GL_ARRAY_BUFFER, buffer);

401;

402: gl Buf f er Dat a( GL_ARRAY_BUFFER, si zeof (points) + sizeof(colors),
403: NULL, GL_STATI C_DRAW ;

404.

405: gl Buf f er SubDat a( G._ARRAY_BUFFER, 0, sizeof (points), points);
406: gl Buf f er SubDat a( GL_ARRAY_BUFFER, sizeof (points), sizeof(colors), colors);
407:

408: gl UsePr ogr an( program ;

409:

410: GLuint vPosition = gl GetAttribLocation(program "vPosition");
411: gl Enabl eVertexAttri bArray(vPosition);

412: gl VertexAttribPointer(vPosition, 2, G._FLOAT, G._FALSE, O,
413: BUFFER_COFFSET(0));

414:

415:; GLuint vColor = gl GetAttribLocation(program "vColor");
416: gl Enabl eVertexAttri bArray(vCol or);

417: gl VertexAttribPointer(vColor, 3, G._FLOAT, G _FALSE, O,
418: BUFFER _OFFSET( si zeof (points)));

419:

420: return vao;

421: }

422:

423:

424 /***********************************************************************

425: * (OpenG. functions.

426 ***********************************************************************/
427:

428 /***********************************************************************
429: * Recall, this will do our rendering for us. It is called follow ng
430: * each simulation step in order to update the w ndow.

431 ***********************************************************************/
432:

433: void display(void)

434: {

435: mat 4 nv; /* Nodel view matrix */

436: mat 4 p; /* Projection matrix */

437:

438: gl A ear (G._COLOR_BUFFER BI T);

4309:

440: /* Define the projection matrix and make it available to the vertex

441 * shader.
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442: */

443:

444 p = Otho(-worldRi ght, worl dRi ght, -worldTop, worldTop, -1.0, 1.0);
445: gl Uni formvatri x4fv(projection, 1, G._TRUE, p);

446;

447: /* Render balls. */

448:

449: for (int i =0; i < MAX_BALLS; ++i)

450: {

451: gl Bi ndVertexArray(balls[i].vao);

452;

453: /* Define the object-appropriate nodel view matrix and nake it
454: * available to the vertex shader

455: */

456:

457: my = Transl ate(balls[i].position.x, balls[i].position.y, 0.0);
458: gl Uni formvatri x4f v(nodel _view, 1, GL_TRUE, nv);

459:

460: gl DrawArrays(bal I s[i].geonetry, 0, balls[i].nunVertices);

461: }

462:

463: /* Swap buffers, for smooth animation. This will also flush the
464: * pipeline.

465: */

466:

467: gl ut SwapBuffers();

468: }

469:

470:

471: void init(void)

472: {

473: glCearColor (0.0, 0.0, 0.0, 0.0);

474: gl ShadeModel (G._FLAT); /* Probably unnecessary. */

475;

476: /* Load shaders and use the resulting shader program */

477:

478: program = | ni t Shader ("vshader41.glsl", "fshader41.glsl");

479:

480: /* Get the locations of the uniformmatrices in the vertex shader. */
481;

482: nodel _vi ew = gl Get Uni f ormLocati on( program "nodel view' );

483: proj ection = gl Get Uni fornLocation( program "projection" );

484:

485: initBalls();

486: }

487:

488:

489 /***********************************************************************

490: * Hitting the Esc key will exit the program

491 ***********************************************************************/
492:

493: voi d keyboard(unsi gned char key, int x, int y)
494: {

495; switch (key)

496: {

497: case ESC

498: exit(0);

499: br eak;

500: }

501: }

502:

503:

504 /***********************************************************************
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Handl er for reshape events. This is done by either selecting the
| argest viewport of the correct aspect ratio (in this case, 1:1) or
by reshaping the clipping rectangle so that its aspect ratio matches

that of the w ndow.
**********************************************************************/

* % F X F

void reshape(int w, int h)

wi ndowW dth = w,
wi ndowHei ght = h;

#i f def VI EWPORT

if (w<h)
gl Viewport (0, 0, (G.sizei) w, (Gsizei) w;
el se
gl Viewport (0, 0, (Gsizei) h, (Gsizei) h);
#el se
if (w<h)
wor | dRi ght = WORLD HALF;
worl dTop = (float) h / (float) w* WORLD HALF;
}
el se
worl dRight = (float) w/ (float) h * WORLD HALF;
wor | dTop = WORLD HALF;
}

/* Because we're adjusting the aspect ratio of the clipping region
* to match that of the wi ndow, use the entire w ndow.

*/

gl Viewport (0, 0, (G.sizei) w, (Gsizei) h);
#endi f
}

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

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

*

re-start the sinulation

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

void idle(void)
.
int i;
/* Update positions. */

for (i =0; i < MAX BALLS; ++i)
balls[i].position += balls[i].velocity;

/* Check for collisions and act. */

if (collision(balls[0], balls[1]))
col l'i si onResponse(balls[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 centered
* at the origin.
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i f (distanceSquared(balls[0].position) > 2500.0
| | di stanceSquared(balls[1].position) > 2500.0)
pl aceBal | s();

/* Re-render the scene. */

gl ut Post Redi spl ay();

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

* Request double buffer display node for snooth ani mation.

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

int main(int argc, char** argv)
srand((unsigned int) time(NULL));

glutlnit(&argc, argv);
#i f def DOUBLE_BUFFER
gl utlnitDi splayMode( GLUT_DOUBLE | GLUT_RGB)
#el se
gl utlnitDi spl ayMde( GLUT_RGB) ;
#endi f
gl ut | ni t WndowSi ze(wi ndowW dt h, w ndowHei ght) ;
gl utlni t WndowPosi ti on(100, 100);
gl utl ni t Cont ext Versi on(3, 2);
gl utl nit Cont ext Profil e( GLUT_CORE_PROFI LE) ;
gl ut Creat eW ndow( "Col l'i di ng balls");

gl ewExperinental = G._TRUE;
glewnit();

init();

gl ut Di spl ayFunc(di spl ay);
#i f def RESHAPE

gl ut ReshapeFunc(reshape);
#endi f

gl ut Keyboar dFunc( keyboard) ;

gl utldl eFunc(idle);

gl ut Mai nLoop() ;

return O;



