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

Ra steriza tion

Lines a nd circles

Sca n conversion = sa m pling Representa tions of curves a nd lines Line dra w ing a lgorithm s DDA Bresenha m �s a lgorithm

Antia lia sing Circle dra w ing a lgorithm s Polygons (nex t lecture)

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

Sca n Conversion a s Sa m pling

Wha t pix els should be dra w n to represent a curve?

Overla p Sw eep

(impulse ⊗ pixel) × curve = (curve ⊗ pixel) × impulse

Sha pe convolution

Page 2

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 8

Pix el Conventions

Pix el Spot Function

Integer Pix el Centers Gra ph Pa per

Ha lf-Integer Pix el Centers

A Pix el is Not a Little Squa re, A Pix el is Not a Little Squa re, ...

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 8

Ma them a tica l Curves

(x(t),y(t)) > = < outside 0 on 0 inside 0 ),( yxf x(t) = x^1 +t(x^2 − x^1) y(t) = y^1 +t(y^2 − y^1) 2 1 1 2 2 1 1 2 ),( yx yx c x x b y y a c by ax yxf

− = − = − = + + = x(t) = x^c +r cos2πt y(t) = y^c + rsin2πt f(x,y) = (x − x^c)_2 + (y− y^c )_2 − r_2

Im plicit Equa tion

Pa ra m etric Equa tion

Genera l

Line

Circle

Page 3

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

DDA

 line(int x1, int y1, int x2, int y2)
 {
   int dx = x2-x1, dy = y2-y1;
   int n = max(abs(dx),abs(dy));
   float dt = n, dxdt = dx/dt, dydt = dy/dt;

   int x = x1;
   int y = y1;
   while( n-- ) {
     point(round(x),round(y));
     x += dxdt;
     y += dydt;
   }
 }
line(int x1, int y1, int x2, int y2)
{
  int dx = x2-x1, dy = y2-y1;
  int n = max(abs(dx),abs(dy));
  float dt = n, dxdt = dx/dt, dydt = dy/dt;

  int x = x1;
  int y = y1;
  while( n-- ) {
    point(round(x),round(y));
    x += dxdt;
    y += dydt;
  }
}

DDA = Digita l Differentia l Ana lyzer = finite differences

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

Tra cing a Line

 while( n-- ) {
   fragment(x,y);
   move right;
   if( below line )
     move up;

while( n-- ) {
  fragment(x,y);
  move right;
  if( below line )
    move up;

Page 4

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 8

Bresenha m �s Algorithm

 vect(int x, int y, int n,

      value a, value b, value c)

 {

   value e;

   c = 2*c+b; a = 2*a; b = 2*b;

   e = ax+by+c;

   while( n-- ) { // 0<=e<b

     fragment(x,y); // |a|<|b|

     x += 1; e += a; // a < 0

     if( e < 0 ) {

       y += 1; e += b; // b > 0

     }

 }

vect(int x, int y, int n,

     value a, value b, value c)

{

  value e;

  c = 2*c+b; a = 2*a; b = 2*b;

  e = ax+by+c;

  while( n-- ) { // 0<=e<b

    fragment(x,y); // |a|<|b|

    x += 1; e += a; // a < 0

    if( e < 0 ) {

      y += 1; e += b; // b > 0

    }

}

Line equa tion

Finite differences f(x +1,y)-f(x ,y) = a f(x ,y+1)-f(x ,y) = b

Tra nsla te line dow n

1/ 2 pix el (or a dd 1/ 2 to y) y�= y + 1/ 2 c� = c + 1/ 2 b

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 8

Bresenha m Pix els

d^↑ = e 2b 0 ≤ e < 2b

0 ≤ d^↑ <1

d^⊥ = d^↑ cosθ = e 2b b a_2 +b_2

Page 5

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

Ja ggy vs. Sm ooth Lines

Tra de-off

Intensity resolution

Spa tia l resolution

Prefiltering

Area a vera ge

Covera ge

Im a gine a 1 pix el vert line m oving from left to right

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

Squa re Pix el Filter

A_1 A_2

1− A_1

1− A_2 h m A_1 = 1 2 h^2 m A_2 = 1 2 (m − h)^2 m b_1

b_2 b_1 h = 1 m → b_1 = h m b_2 m − h = 1 m → b_2 = m− h m

Page 6

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 8

Squa re Pix el Filter

1− e 2b

e 2b

Cop yright © Pa t Ha nra ha n

CS24 8 Fa ll 9 8 Lecture 8

Circula r Pix el Filter

( )r r r dx x rA_r 2 sin 4 1 2 1 2 1 4 1 4 )( 1 2

2 2 1

− − + − + = − = ∫ π π

Store A in ta ble

Com bine w ith filter function

Page 7

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

Circle Dra w ing

 while( n-- ) {
   point(x,y);
   move up;
   if( outside circle )
     move left;

while( n-- ) {
  point(x,y);
  move up;
  if( outside circle )
    move left;

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

Sector

 sector(int r)
 {
   int x = r;
   int y = 0;
   e = -r;

   while( x > y ) {
     point(x,y);
     y += 1; e += 2*y+1;
     if( e >= 0 ) {
       x -= 1; e += 2*x+2;
     }
   }
 }
sector(int r)
{
  int x = r;
  int y = 0;
  e = -r;

  while( x > y ) {
    point(x,y);
    y += 1; e += 2*y+1;
    if( e >= 0 ) {
      x -= 1; e += 2*x+2;
    }
  }
}

0 ) 2 1 ( ),(^{222} =−+ − = ry x yxf

1 2 )1 ( ),( )1 ,(^{22} + = − + = − + y y y yxf yxf

2 2 ) 2 1 ( ) 2 3 ( ),( ),1 (^2 2 + −= − − − = − − x x x yxf y xf