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Kapitel 3:
2D-Grundlagen
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Koordinatensysteme
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Punkt + Vektor
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setPixel(int x, int y)

setPixel(3,4);

setPixel((int)(x+0.5),(int)(y+0.5));
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Linie
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Parametrisierte Gradengleichung

P1 (2,3)

P2 (5,4)~v

d = kP1P2k =
p
(x2 − x1)2 + (y2 − y1)2

l : ~u = ~p1 + r · ~v; r ∈ [0; 1]
g : ~u = ~p1 + r · ~v; r ∈ R
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VectorLine
int x1,y1,x2,y2,x,y,dx,dy;
double r, step;

dy = y2-y1;
dx = x2-x1;

step = 1.0/Math.sqrt(dx*dx+dy*dy);
for (r=0.0; r <= 1; r=r+step) {
x = (int)(x1+r*dx+0.5);
y = (int)(y1+r*dy+0.5);
setPixel(x,y);

}
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Gradengleichung als Funktion

y = f(x) = s · x+ c
s = y2−y1

x2−x1

c
dx

dy

y1−c
x1−0 =

y2−y1
x2−x1

c = y1·x2−y2·x1
x2−x1

y = y2−y1
x2−x1 · x+

x2·y1 − x1·y2
x2−x1
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StraightLine
von links nach rechts

s = (double)(y2-y1)/(double)(x2-x1);
c = (double)(x2*y1-x1*y2)/(double)(x2-x1);

for (x=x1; x <= x2; x++) {
y = (int)(s*x+c+0.5);
setPixel(x,y);

}
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Oktanden

1.
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Bresenham
Steigung s = ∆y / ∆x = 3/10 = 0.3

Fehler     error = yideal – yreal

0.40.50.0 0.3 0.6 0.7-0.1 0.2 0.8 0.1 0.0
-0.4 - 0.3-0.2
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BresenhamLine, die 1.
s = (double)(y2-y1)/(double)(x2-x1);
error = 0.0;
x = x1;
y = y1;
while (x <= x2){

setPixel(x,y);
x++;
error = error + s;
if (error > 0.5) {

y++;
error = error – 1.0;

}
}
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Integer-Arithmetik

Mache Steigung + Fehler ganzzahlig: 

sneu = salt · 2dx = dy
dx · 2dx = 2dy
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BresenhamLine, die 2.
delta = 2*(y2-y1);
error = 0.0;
x = x1;
y = y1;
while (x <= x2){

setPixel(x,y);
x++;
error = error + delta;
if (error > (x2-x1) {

y++;
error = error – 2*dx;

}
}
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Vergleich mit 0

• vergleiche error mit 0,
d.h. verschiebe  error um (x2-x1) nach 
unten

• verwende schritt für -2*dx
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BresenhamLine, die 3.
delta = 2*(y2-y1);
error = -(x2-x1);
schritt = -2*dx
x = x1;
y = y1;
while (x <= x2){
setPixel(x,y);
x++;
error = error + delta;
if (error > 0 {
y++;
error = error + schritt;

}
}
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BresenhamLine

alle 8 Oktanden durch Fallunterscheidung abhandeln:

~cg/2004/Java/line/BresenhamLine.java

Java-Applet:

~cg/2004/skript/node46.htm

http://snowball.informatik.uos.de/pfox/pageloader.php?url=http://www-lehre.inf.uos.de/~cg/2004/Java/line/BresenhamLine.java
http://snowball.informatik.uos.de/pfox/pageloader.php?url=http://www-lehre.inf.uos.de/~cg/2004/skript/node46.html
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Antialiasing
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Antialiasing in Adobe Photoshop
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Polygon

konvex konkav
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Punkt versus Geradeµ
x
y

¶
=

µ
2
3

¶
+ r ·

µ
7− 2
5− 3

¶
x =    2 + 5r
y =    3 + 2r

2x =    4 + 10r
-5y = -15 - 10r

2x – 5y = -11
2x -5y + 11 = 0

F(x,y) = 0 falls P auf der Geraden
< 0 falls P links von der Geraden
> 0 falls P rechts von der Geraden

P1(2,3)

P2(7,5)

P(x,y)

~u = ~p1 + r · ~v
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Konvexitätstest nach Paul Bourke

P1

P

P2

konvex, falls für alle P(x,y) 
kein Vorzeichenwechsel bei F(x,y)
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Schwerpunkt

(1,3)

(8,1)

(7,5)
(5,4)

(3,6)

(4.8, 3.8)

S = 1
n

Pn−1
i=0 Pi
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Kreis um (0,0)

x = r • cos(α)

y = r • sin(α)

u = 2•π • r

step = 2•π / 2•π • r = 1/r

r
y

x
α

u
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TriCalcCircle

double step = 1.0/(double r);
double winkel;

for (winkel = 0.0; 
winkel < 2*Math.PI; 
winkel = winkel+step){

setPixel((int) r*Math.sin(winkel)+0.5),
(int) r*Math.cos(winkel)+0.5));

}
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TriTableCircle

// Tabellen sin + cos seien berechnet

int winkel;

for (winkel = 0; 
winkel < 360; 
winkel++){

setPixel((int) r*sin[winkel] + 0.5),
(int) r*cos[winkel] + 0.5));

}
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Kreis um (0,0)

r
y

x

u

x2 + y2 = r2
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PythagorasCircle, die 1.

y =
√
r2 − x2

for (x=0; x <=r; x++){
y = (int) Math.sqrt(r*r-x*x);
setPixel(x,y);

}
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PythagorasCircle, die 2.

y =
√
r2 − x2

w = r2 − 1, r2 − 4, r2 − 9, r2 − 16, . . .
d = 1;
for (w=r*r; w >=0; w=w-d){
y = (int) Math.sqrt(w);
setPixel(x,y);
d = d+2;

}
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Punkt versus Kreis

F(x,y) = x2 + y2 – r2

F(x,y) = 0 für (x,y) auf dem Kreis
< 0 für (x,y) innerhalb des Kreises
> 0 für (x,y) außerhalb des Kreises

r y
x
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Kreis im 2. Oktanden
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Entscheidungsvariable ∆

∆ = F(x+1,y-½)

∆ < 0 ⇒ M liegt innerhalb   ⇒ wähle (x+1,y)

∆ ≥ 0 ⇒ M liegt außerhalb  ⇒ wähle (x+1,y-1)

x x+1

y-1

y
M
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Berechnung von ∆

∆ = F(x+1,y-½) = (x+1)2+(y-½)2-r2

∆ < 0 ⇒
∆' = F(x+2,y-½) = (x+2)2+(y-½)2-r2 = 

∆+2x+3
∆ ≥ 0 ⇒
∆' = F(x+2,y-3/2) = (x+2)2+(y-3/2)2-r2 =                 

∆+2x-2y+5

Startwert ∆ = F(1,r-½) = 12+(r-½)2 –r2 = 
5/4-r
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BresenhamCircle, die 1.
x = 0;
y = r;
delta = 5.0/4.0 - r;
while (y >= x) {
setPixel(x,y);
if (delta < 0.0) {
delta = delta + 2*x + 3.0;
x++;

else {
delta = delta + 2*x - 2*y + 5.0;
x++;
y--;

}

}
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Substitutionen

d     := delta - ¼

dx := 2x+3

dxy := 2x - 2y + 5
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BresenhamCircle, die 2.
x = 0; 
y = r;
delta = 5.0/4.0 - r;

while (y >= x) {
setPixel(x,y);
if (delta < 0.0) {
delta = delta + 2*x + 3.0;
x++;

else {
delta = delta+2*x-2*y+5.0;
x++; 
y--;

}

}

d = 1 - r;

(d < 0.0)

d = d + dx;

d   = d + dxy;

d:=delta-1/4      dx:=2x+3      dxy:= 2x-2y+5

dx = 3;
dxy = -2*r + 5;

dx = dx + 2;
dxy = dxy + 2;

dx = dx + 2;

dxy = dxy + 4;
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Oktanden-Symmetrie

(x,y)

(y,-x)

(x,-y)(-x,-y)

(-y,-x)

(-x,y)

(y,x)
(0,0)

(-y,-x)
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BresenhamCircle, die 3.
x=0; y=r; d=1-r; x=3; dx=3; dxy=-2*r+5;

while (y>=x){

setPixel(+x,+y);

if (d<0) {d=d+dx;  dx=dx+2; dxy=dxy+2; x++;} 
else {d=d+dxy; dx=dx+2; dxy=dxy+4; x++; y--;}

}

setPixel(+y,+x);
setPixel(+y,-x);
setPixel(+x,-y);
setPixel(-x,-y);
setPixel(-y,-x);
setPixel(-y,+x);
setPixel(-x,+y);
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BresenhamCircle

Kreis mit Radius r um Mittelpunkt (x,y):
~cg/2004/Java/circle/BresenhamCircle.java

Java-Applet:
~cg/2004/skript/node46.htm

4 ·√2 · rZahl der erzeugten Punkte  =

= 10% unterhalb  von 2 · π · r

http://snowball.informatik.uos.de/pfox/pageloader.php?url=http://www-lehre.inf.uos.de/~cg/2004/Java/circle/BresenhamCircle.java
http://snowball.informatik.uos.de/pfox/pageloader.php?url=http://www-lehre.inf.uos.de/~cg/2004/skript/node46.html
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