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Primitives

Representations for
Lines and Curves




Representations for lines and
curves

Line (in 2D)
« Explicit

* Implicit Flz.y) = (= - z0)dy — (y — y0)do
if Ffz,y)=0 then (z,y)isonline

Flz,yg) >0 (z,y) is below line
Flx,g) <0 (z,y) is above linc

» Parametric z(t) = zo + t{z1 — x0)
y(Z)=m + {1 — )
te[0,1]

P(t)
Pii)

Py + ﬁ[:Pl — PnL or
[1 — t]Pn + i




Circle

Explicit

Implicit

Parametric

172 + 'y'g = TE
Fla.y) = x® +y* —r?

if

Flz,g) >0
Flz,y) <0

then

[1 Ej) 15 on circle
[1 E,.f) 15 ountside
[1 r,f) 15 1nside




Rasterization




Line rasterization

FIGURE 10.23 Drawing a
straight-line-segment.

L - ren Computer Graphics Using OpenGL. 2e, by F. 8 Hill
——— [

220000 by Prentice Hall [ Prentice-Hall, Inc., Upper Saddle River, New Jersey 07438




Line rasterization

Desired properties HOURE 1023 Dring s
» Straight

» Pass through end points

* Smooth

+ Independent of end point
order

»  Uniform brightness

« Brightness independent of
slope

« Efficient




Straightforward Implementation

Line between two points

DrawLine(int x1,int y1,int x2,int y2)
{
float y;
INt X;
for (x=x1; Xx<=x2; X++) {

y =yl + (X-x1)*(y2-y1)/(x2-x1)
SetPixel(x, Round(y) );




Better Implementation

How can we improve this algorithm?

DrawLine(int x1,int y1,int x2,int y2)
{
float y;
Nt X;
for (x=x1; x<=x2; X++) {

y =yl + (X-x1)*(y2-y1)/(x2-x1)
SetPixel(x, Round(y) );




Better Implementation

DrawLine(int x1,int y1,int x2,int y2)
{
float y,m;
Nt X;
dx = x2-x1 ;
dy =y2-y1;
m = dy/ (float) dx ;
for (x=x1; Xx<=x2; X++) {

y =yl + m*(x-x1) ;
SetPixel(x, ) );




Even Better Implementation

DrawLine(int x1,int y1,int x2,int y2)
{
float y,m;
Nt X;
dx = x2-x1 ;
dy =y2-y1;
m = dy/ (float) dx ;
y=yl1+0.5;

for (x=x1; Xx<=x2; X++) {
SetPixel(x, (Y) );
y=y+m;




Midpoint algorithm (Bresenham)

Line in the first quadrant ( O<slope < 45 deq)
Implicit function:

F(x,y) = xdy - ydx +c,
dx,dy >0 and dy/dx <= 1.0
» Current choice P = (x,y).

» How do we chose next of P,
P'=(x+1,y) ?




Midpoint algorithm (Bresenham)

Line in the first quadrant ( O<slope < 45 deq)

Implicit function:
F(x,y) = xdy - ydx +c,
dx,dy >0 and dy/dx <= 1.0

» Current choice P = (x,y).

 How do we chose next of P,
P'=(x+1,y) ?
If( F(M) = F(x+1,y+0.5) < 0)
M above line so E
else
M below line so NE




Midpoint algorithm (Bresenham)

DrawLine(int X1, int y1, int X2, int y2, int color)

{
Int X,y,dx,dy;

y = Round(yl) ;
for (x=x1; x<=x2; X++) {
SetPixel(x, Y );




Can we compute F In a smart
way?

« We are at pixel (x,y) we evaluate F at M = (x+1,y+0.5) and
E=(x+1,y) or NE=(x+1,y+1) accordingly.
(Reminder: F(x,y) = xdy - ydx + c)




Can we compute F In a smart
way?

We are at pixel (x,y) we evaluate F at M = (x+1,y+0.5) and
E=(x+1,y) or NE=(x+1,y+1) accordingly.
(Reminder: F(x,y) = xdy - ydx + c)

If we chose E for x+1 the next criteria will be at M’;
F(x+2,y+0.5) = [(x+1)dy +dy] - (y+0.5)*dx +c->
F(x+2,y+0.5) = F(x+1,y+0.5) + dy -




Can we compute F In a smart
way?

« We are at pixel (x,y) we evaluate F at M = (x+1,y+0.5) and
E=(x+1,y) or NE=(x+1,y+1) accordingly.
(Reminder: F(x,y) = xdy - ydx + c)

* |f we chose E for x+1 the next criteria will be at M’:
F(x+2,y+0.5) = (x+1)dy +dy - (y+0.5)*dx +c—>
F(x+2,y+0.5) = F(x+1,y+0.5) + dy -
Fe =F +dy

» |f we chose NE then the next criteria
will be at M”:
F(x+2,y+1+0.5) =
F(x+1,y+0.5) + dy — dx =




Can we compute F In a smart
way?

« We are at pixel (x,y) we evaluate F at M = (x+1,y+0.5) and
E=(x+1,y) or NE=(x+1,y+1) accordingly.
(Reminder: F(x,y) = xdy - ydx + c)

* If we chose E for x+1 the next criteria will be at M’;

» |If we chose NE then the next criteria
will be at M”’:




Criterion update

Update

Fc =F+dy=F +dF;

Fne =F+dy-dx=F+dF
Starting value?

Line equation: F(x,y) = xdy-ydx+c

Assume line starts at pixel (X,,Y,)
Foart = F(Xot1,¥¢t0.5) = (Xo+1)dy -(y,+0.5)dx + ¢ =

= (Xody - yodx + c )+ dy - 0.5dx = F (X5,Y,) + dy - 0.5dx.

Start

(X0,Yo) belongs on the line so: F (X,,y,) =0
Therefore:
Feor = dy - 0.5dx




Criterion update (Integer
version)

Update
Feoiore = dy —0.50dX
Fce =F+dy=F+dF;
Fne = F+dy-dx=F+dF
Everything Is integer except F,,. .
Multiply by 2 = F_._.. = 2dy — dx

dF¢ = 2dy

dF e = 2(dy-dx)




Midpoint algorithm

DrawLine(int x1, int y1, int x2, int y2, int color)
{
int x,y,dx,dy,dE, dNE;
dx = x2-x1 ;
dy = y2-y1;
d = 2*dy-dx ; // initialize d
dE = 2*dy ;
dNE = 2*(dy-dx) ;
y=yl;
for (x=x1; x<=x2; x++) {
SetPixel(x, y, color );
if (d>0) { /l chose NE
d=d + dNE;
y=y+1;
} else { /I chose E
d=d+dE;

}




Polygon Rasterization

Scan conversion

shade pixels lying within a
closed polygon efficiently.

Algorithm

» For each row of pixels define a
scanline through their centers

* [ntersect each scanline with all
edges

* sort intersections In X

» calculate parity of intersections
to determine in/out

« fill'the 'in' pixels




Special cases

» Horizontal edges can be
excluded

« Vertices lying on scanlines

— Change in sign of y.-y. .:
count twice

— No change: shorten edge
by one scanline




Efficiency?

Many intersection tests can be eliminated by
taking advantage of coherence between

adjacent scanlines.

» Edges that intersect scanline y are likely to intersect
y+1

* X changes predictably from scanline y to y+1




Data structure 1: Edge table

Building edge table

|

* Traverse edges

[y

n

« Eliminate horizontal edges

ca =

* If not local extremum, shorten upper vertex

—

* Add edge to linked-list for the scanline
corresponding to the lower vertex, storing:




Data structure 2: Active Edge
List (AEL)

 The AEL is a linked list of active edges on the current
scanline, vy.

« Each active edge has the following information:

The active edges are kept sorted by x.




Scan conversion algorithm

for each scanline

add edges in edge table to AEL
if AEL <> NIL

sort AEL by x

fill pixels between edge pairs
delete finished edges
update each edge's x in AEL




Example

for each scanline
add edges in edge table to AEL
if AEL <> NIL
sort AEL by x
fill pixels between edge pairs
delete finished edges
update each edge's x in AEL

Reminder:
Edge table
A\ = I




Special cases

Triangles — Convex Polygons

« Maximum two edges per scanline
Overlaping polygons

s priorities

Color, patterns

Z for visibility.




Interpolating information
(Incrementally)

Color, Normal, Texture

coordinates
(x2,y2)

Right edge (1,2)
I

| — I —1
r,(y+1) ry _ "1 2 _
- = Ir,(y+1) - Ir,y

(Y+D)-y  vi—VY,
Left Edge (1,3):

II,(y+1)_ll,y . | |+ |1_|3

L(y+1) — My

(y+1)_y Yi—Ys Yi—Y;
Along scanline:
I

| (in) — — |
(x+1) ~ 'x r
B N Y
(X+D)—x x —x oo

X —

r




Interpolating information
(Incrementally)

Color, Normal, Texture

coordinates
(x2,y2)

Right edge (1,2)

I — 1| _
(y+1 ,
r,(y+1) ry _ — |

(Y+D-y vV,
Left Edge (1,3):
I I

IL(y+1) — "1y
_—_— = f— + = ‘
(Y+D-y  y-ys 7

Along scanline:

I(X+1)_ « _ =
(X+D)-x X —X

r(y+) — 'r,

=1y =1,




Pixel Region filling algorithms

Scan convert boundary

Fill in regions S0 09e
9 4 =

¥ 9
o8008

2D paint programs

http://www.cs.unc.edu/~mcmillan/comp136/Lecture8/areaFills.html



http://www.cs.unc.edu/~mcmillan/comp136/Lecture8/areaFills.html

BoundaryFill

boundaryFill(int x, int y, int fill, int boundary) {

if ((x < 0) || (x >= raster.width)) return;

if ((y < 0) || (y >= raster.height)) return;

int current = raster.getPixel(x, y);

if ((current != boundary) & (current !=fill)) {
raster.setPixel(fill, x, y);
boundaryFill(x+1, y, fill,boundary);
boundaryFill(x, y+1, fill, boundary);
boundaryFill(x-1, y, fill, boundary);
boundaryFill(x, y-1, fill, boundary);




Flood Fill

public void floodFill(int x, int y, int fill, int old) 00000008
e

= 1-*-! .
{ e : ----=
If ((x < 0) || (x >= raster.width)) return; 9 9
if ((y < 0) || (y >= raster.height)) return; E =-=
if (raster.getPixel(x, y) == old) { 0000008
raster.setPixel(fill, x, y); 299900008
) : _ @ ey 9
floodFill(x+1, v, fill, old); =t+i-_*+ s

floodFill(x, y+1, fill, old);
floodFill(x-1, y, fill, old);
floodFill(x, y-1, fill, old);

* 490000
e




Adjacency

4-connected

8 connected

Four-connected
neighborhood

Eight-connected
neighborhood
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