Page 1

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

Sca n Conversion: Polygons

Lines (la st lecture) Polygons

Types of polygons Inside tests Jorda n Curve Theorem Singula rities Sca nline a lgorithm s

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

Types of Polygons

Types Tria ngles Tra pezoids Qua drila tera ls Convex Conca ve Self-intersecting Genera l - Multiple loops - Holes Spline-gons

Tw o a pproa ches: 1. Genera lize sca n conversion 2. Tessella te into tria ngles

Page 2

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 9

 tile3( vert v[3] )

 {

   int x, y;

   bbox b;

   bound3(v,&b);

   for( y=b.ymin; y<b.ymax, y++ )

     for( x=b.xmin; x<b.xmax, x++ )

       if( inside3(v,x,y) )

         fragment(x,y);

 }

tile3( vert v[3] )

{

  int x, y;

  bbox b;

  bound3(v,&b);

  for( y=b.ymin; y<b.ymax, y++ )

    for( x=b.xmin; x<b.xmax, x++ )

      if( inside3(v,x,y) )

        fragment(x,y);

}

Tria ngle Tiler

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 9

   edge l0, l1, l2; value e0, e1, e2;

   mkedge(&v[0],&v[1],&l2);

   mkedge(&v[1],&v[2],&l0);

   mkedge(&v[2],&v[0],&l1);

   e0 = l0.a * b.xmin + l0.b * b.ymin + l0.c;

   e1 = l1.a * b.xmin + l1.b * b.ymin + l1.c;

   e2 = l2.a * b.xmin + l2.b * b.ymin + l2.c;

   for( y=b.ymin; y<b.ymax, y++ ) {

     for( x=b.xmin; x<b.xmax, x++ ) {

       if( e0<=0 && e1<=0 && e2<=0 ) fragment(x,y);

       e0 += l0.a; e1 += l1.a; e2 += l2.a;

     }

     e0 += l0.a * (b.xmin - b.xmax) + l0.b; ...

   }

  edge l0, l1, l2; value e0, e1, e2;

  mkedge(&v[0],&v[1],&l2);

  mkedge(&v[1],&v[2],&l0);

  mkedge(&v[2],&v[0],&l1);

  e0 = l0.a * b.xmin + l0.b * b.ymin + l0.c;

  e1 = l1.a * b.xmin + l1.b * b.ymin + l1.c;

  e2 = l2.a * b.xmin + l2.b * b.ymin + l2.c;

  for( y=b.ymin; y<b.ymax, y++ ) {

    for( x=b.xmin; x<b.xmax, x++ ) {

      if( e0<=0 && e1<=0 && e2<=0 ) fragment(x,y);

      e0 += l0.a; e1 += l1.a; e2 += l2.a;

    }

    e0 += l0.a * (b.xmin - b.xmax) + l0.b; ...

  }

Increm enta l Tria ngle Tiler v0 v1 v2 l0 l1 l2

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

Ga ps a nd T-Vertices

Ok! Ba d!

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

Singula rities

Double hits (e <= 0)

Wa sted effort Tra nspa rency Ga ps (e < 0)

Missing pix els

Page 4

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 9

Sha dow Test

 int shadow( value a, value b ) {

   return (a>0) || (a==0 && b > 0);

 }

 int inside( value e, value a, value b ) {

   return (e == 0) ? !shadow(a,b) : (e < 0);

 }

int shadow( value a, value b ) {

  return (a>0) || (a==0 && b > 0);

}
int inside( value e, value a, value b ) {

  return (e == 0) ? !shadow(a,b) : (e < 0);

}

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 9

Jorda n Curve Theorem

Tw o definitions of inside

Even-Odd pa rity

Winding num ber

Winding Num ber

Pa rity

Page 5

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

To cross: 1 vertex a bove a nd 1 below horizonta l line

Resolve singula rities

1.Vertices on horizonta l line a re pa rt of low er ha lf spa ce

2. Do not count edges pa ssing through point

Singula rities

Equiva lent to ha lf-open interva ls a nd sha dow test

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

Point in Polygon

 int inside( vert *v, int n, int x, int y ) {
   int cross = 0; int x0, y0, x1, y1;

   x1 = v[n-1].x - x; y1 = v[n-1].y - y;
   while( n-- ) {
     x0 = x1;       y0 = y1;
     x1 = v->x - x; y1 = v->y - y;
     if( y0 > 0 ) {
       if( y1 <= 0 )
         if( x1*y0 > y1*x0 ) cross++;
     }
     else {
       if( y1 > 0 )
         if( x0*y1 > y0*x1 ) cross++;
     }
     v++;
   }
   return cross & 1;

int inside( vert *v, int n, int x, int y ) {
  int cross = 0; int x0, y0, x1, y1;

  x1 = v[n-1].x - x; y1 = v[n-1].y - y;
  while( n-- ) {
    x0 = x1;       y0 = y1;
    x1 = v->x - x; y1 = v->y - y;
    if( y0 > 0 ) {
      if( y1 <= 0 )
        if( x1*y0 > y1*x0 ) cross++;
    }
    else {
      if( y1 > 0 )
        if( x0*y1 > y0*x1 ) cross++;
    }
    v++;
  }
  return cross & 1;

v0

v1

v0 v1

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 9

Sca nline Algorithm

Increm enta lize Jorda n Test via progra m tra nsform a tion

1. Priority queue of vertex events

For ea ch polygon vertex

Bucket sort by y va lue

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 9

Sca nline Algorithm

2. Sw eep

For ea ch sca nline

A. Ma inta in a ctive edge list (for crossings count)

B. Increm ent x intercepts, Sort by x intercepts

C. Output spa n betw een left a nd right edge

delete insert repla ce

Page 7

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

 scany( vert v[3]) {

   ybot = ceil(v[0].y);
   ymid = ceil(v[1].y);
   ytop = ceil(v[2].y);

   differencey(&v[0],&v[2],&e1,ybot); l=e1;
   differencey(&v[0],&v[1],&e2,ybot); r=e2;
   differencey(&v[1],&v[2],&e0,ymid);

   for( y=ybot; y<ytop; y++ ) {
       if( y >= ymid ) r = e0;
       scanx(&l,&r,y);
       l.x += l.dxdy;
       r.x += r.dxdy;
   }
 }
scany( vert v[3]) {

  ybot = ceil(v[0].y);
  ymid = ceil(v[1].y);
  ytop = ceil(v[2].y);

  differencey(&v[0],&v[2],&e1,ybot); l=e1;
  differencey(&v[0],&v[1],&e2,ybot); r=e2;
  differencey(&v[1],&v[2],&e0,ymid);

  for( y=ybot; y<ytop; y++ ) {
      if( y >= ymid ) r = e0;
      scanx(&l,&r,y);
      l.x += l.dxdy;
      r.x += r.dxdy;
  }
}

Tria ngle Tiler

v0 v1 v2 y

e2 e0 e1

Assum e: 1. v�s sorted 2. single l edge

Cop yright © Pa t Ha nra ha n CS24 8 Fa ll 9 8 Lecture 9

Tria ngle Tiler

 scanx( edge *l, edge *r, int y)
 {
   lx = ceil(l->x);
   rx = ceil(r->x);

   for( x=lx; x<rx; x++ )
       fragment(x,y);
 }
scanx( edge *l, edge *r, int y)
{
  lx = ceil(l->x);
  rx = ceil(r->x);

  for( x=lx; x<rx; x++ )
      fragment(x,y);
}

 differencey(vert *b, vert *t, edge *e, int y)
 {
   e->dxdy = (t->x - b->x) / (t->y - b->y);
   e->x    = b->x + (y - b->y) * e->dxdy;
 }
differencey(vert *b, vert *t, edge *e, int y)
{
  e->dxdy = (t->x - b->x) / (t->y - b->y);
  e->x    = b->x + (y - b->y) * e->dxdy;
}

b t

e->x y