Page1 CS248 Lecture 7Copyright � Pat HanrahanScan ConversionLines and circlesnScan conversion = samplingnRepresentations of curves and linesnLine drawing algorithms

Bresenham�s algorithm n Antialiasing n Circle drawing algorithms

Polygons (next lecture)

CS248 Lecture 7Copyright � Pat HanrahanScan Conversion as SamplingWhat pixels should be drawn to represent a curve?OverlapSweep

( ( impulsepixel)region=impulsepixelregion)

~ · ·~

Shape convolution

Page 2

CS248 Lecture 7Copyright � Pat HanrahanPixel Conventions

0 1 2 3 4 5 012345 0 1 2 3 4 5

012345 Pixel Spot FunctionGraph Paper

CS248 Lecture 7Copyright � Pat HanrahanMathematical Curves

((),())xtytfxy(,)= <= >� 0inside onoutside

xt x tx x yt y ty y

() ( )

= + -

= + -1 21

1 21 fxyaxbyc

(,)= + +

xt x r t yt y r t

cc() cos

() sin = + = + 2p

fxyxx yy r c c (,)( ) ( )

= - + - -2 22

Implicit Equation Parametric Equation

General

Line

Circle

Page 3

CS248 Lecture 7Copyright � Pat HanrahanDDAline(int x1, int y1, int x2, int y2){ int dx = x2-x1, dy = y2-y1;

int n = max(abs(dx),abs(dy));

float dt = 1./n, dxdt = dx/dt, dydt = dy/dt;

x = x1;

y = y1;

while( n-- ) { point(round(x),round(y));

x += dxdt;

y += dydt; } } DDA = Digital Differential Analyzer

= finite differences

CS248 Lecture 7Copyright � Pat HanrahanTracing a Linewhile( n-- ) { point(x,y); move right

; if( below line )

move up;

Page 4

CS248 Lecture 7Copyright � Pat HanrahanBresenham�s Algorithmvect(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-- ) {

point(x,y); x += 1; e += a;

if( e < 0 ) {

y += 1; e += b; } } } CS248 Lecture 7Copyright � Pat HanrahanBresenham Pixels

d eb›= 20 2£<e b0 1£<›dd d e b ba b^ ›= = +cosq 2 2 2

4- vs. 8-connected

Page 5

CS248 Lecture 7Copyright � Pat HanrahanJaggy vs. Smooth LinesTrade-off¥Intensity resolution ¥ Spatial resolution

Prefiltering ¥ Area average ¥

Coverage

CS248 Lecture 7Copyright � Pat Hanrahan

Square Pixel Filter

12-_e^beb2

More generally, compute areas...

Page 6

CS248 Lecture 7Copyright � Pat HanrahanCircular Pixel Filter 1r

A r x dx r r r r ( ) sin = - =+ - + ( ) - - �4 14

121214 2

2 2 1

12pp

¥Store A in table¥

Combine with filter function

CS248 Lecture 7Copyright � Pat Hanrahan Circle Drawing

while( n-- ) { point(x,y); move up;

if( outside circle ) move left ; Page 7

CS248 Lecture 7Copyright � Pat HanrahanSectorsector(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; } } }

fxyx yr

(,)( )= - + - =12 02 2 2 fxy fxy y yy

(, ) (,)( )

+ - = + - = + 1 1212 2 fxyfxy x xx

( ,) (,)( ) ( )

- - = - - -

= - +

1 32 12 222 2