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Outline

* Scan conversion of circles
» Clipping circles
* Scan conversion of ellipses



Scan Conversion of Circles

(0,17)

* Generalization of
the line algorithm

* Assumptions:
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— Fill 1/8 of the circle, Not using the 8-way
then use symmetry symmetry of a circle
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Scan Conversion of Circles

 Implicit representation of the circle function:
2 2 2
F(x,y)=x"+y"—R"=0.

* Note: F(x,y) < 0 for points inside the circle,
and F(x,y) > 0O for points outside the circle

A

(=X Y) (X, y)



Scan Conversion of Circles

Assume we finished pixel (X, ¥p)
What pixel to draw next? P (x,

b p
(going clockwise) \R/E (5
Note: the slope of the circular

. M—\— Mg
arc is between 0 and -1
— Hence, choice is between: ()SE C
E and SE 1w,
|dea:
If the circle passes above the
midpoint M, then we go to E
next, otherwise we go to SE OKeE cumentpinal  moxt pixel
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Scan Conversion of Circles

* \We need a decision variable D:

w» £
1
D = F(M)zF(xp+1,yp—§) M\
1 ! SE<>
(1P Oy 2R AN
Xp xp+1

 If p<o then M is below the arc,
nence the E pixel is closer to the line.

* |If p>0 then Mis above the arc,
nence the SE pixel is closer to the line.
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Case |: When E is next

* What increment for computing a new D?
« Next midpointis: (xp+2,y,—(1/2))

1 E
Dnew = F(Xp ‘|‘2,yp — 5) g AQ;\C)
2 1o o v 1 Mf\\
= (p+2)°+0p—5)" R » s\ \
1
_ (xf,+4xp+4)+(yp—§)2—R2 o o
1
— (xf,+2xp+1)+(2xp+3)+(yp—E)Z—R2
1
= (p+ 12+ (2x,4+3)+(yp,— =) —R?

2
= D+ (2x,+3).
* Hence, increment by: (2x, + 3)

7
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Case ll: When SE is next

* What increment for computing a new D?
« Next midpointis: (xp+2, y,—1—(1/2))

3 B
Dpey = F(xp+2,yp—§) G Sy
M-

3
= (p+2’+0p—5) R vl

9
= (x129+4xp+4)+()’?)—3Yp‘|‘Z)—R2 x

>

1

1 8
= (20 + 1)+ (20 +3) + (v —yp+ ) + (=2 + ) R

4 4

1
= (p+1)*+(y, — 5)2 —R*+ (2x, +3) + (—2y, +2)

= D+ (2x, =2y, +5)

* Hence, increment by: (2x, — 2y, +5) .

Pics/Math courtesy of Dave Mount @ UMD-CP
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Scan Conversion of Circles

* How to compute the initial value of D:

 We start with x = 0 and y = R, so the
first midpointisatx =1, y = R-1/2:

D.

nit



Scan Conversion of Circles

» Converting this to an integer algorithm:
— Need only know if D is positive or negative
— D & R are integers
— Note D is incremented by an integer value

— Therefore D + 1/4 is positive only when D
IS positive; it is safe to drop the 71/4

e Hence: settheinitial Dto 71— R
(subtracting 7/4)
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Circle Scan Conversion
Algorithm

* Given radius R and center (0, 0)
— First point = (0, R)
* Initial decision parameter D = 1- R

 While x<vy
—1f (D < 0)
o X++; D +=2x + 3;
— else
o X++; y—-; D+=2(x-y)+ 5
— WritePoints(x,y)
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WritePoints(x,y)

A

(=X Y)
* Writes pixels to
the seven other  (-y, x
octants
(=Y, —x)

(=X, =Y)
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Clipping Circles

* Accept/Reject test

— Does bounding box of
the circle intersect with
clipping box?

* |If yes, condition pixel
write on clipping box

Inside/outside test

4 Second octant generated
by algorithm

First octant
. generated
$ Dy symmetry

[TTTTTT T TT

Ll rig
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Properties of Ellipses

“Elongated circle” Ly
For all points on
ellipse, sum of P=(y)
distances to foci is
constant

d,+ d, = const X
If Fi=(x;, y))

and  F,=(x,, yy)
then

NE =)+ (=) +(x=x,)  + (y = y,)° = const



Properties of Ellipses

« Equation simplified if
ellipse axis parallel to
coordinate axis

2 2
(X—XC) _l_(y_yc) ~1
T, l"y

« Parametric form

X=Xx,+1.c0s0

y=Y.+71,8n0

| ot
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Symmetry Considerations

* 4-way symmetry _ |

« Unit steps in x until reach s,
region boundary y T

« Switch to unit steps in y \‘\/:/ AN
f(x,y)=ry2x2+rx2y2— 2 2

I"I"y

X (_X’_y) (X’_y)
dy ryzx
dx 'y . Step in x while
dy 2 2
-£=4 Gx<gy |
rix=rly « Switch to steps in y when

2 2
=
rXzry )



Midpoint Algorithm (initializing)

Similar to circles
The initial value for region 1
D, = f(laf’y - %)

_2 212
=1, —I T+,

The initial value for region 2

D, =f(xp+%ayp_1)

2 112 2 2 2 2
=r,(x,+3)" +r,(y,-D"-r,

We have initial values, now we need the increments
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Making a Decision

v (T B
« Computing the decision 3
variable M‘\
Yp—1 4R ™~
D =f(xp+1,yp_% SE \__/

N

_ 2 2, .2 C1N2 202
_ry(xp+1) +rx(yp >) T, o -

* If D <0then Mis below the arc,
nence the E pixel is closer to the line.

 If D> 0then Mis above the arc,
nence the SE pixel is closer to the line.
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Computing the Increment

E case 1
D, = f(xp + 2,yp -3

2 2 2 2 2.2
=1, (x, +2)" +r (y,-3) -1
=D + ry2(2xp + 3)

P=0% ) A\E A\
SE case —® ¢

— 3 i 4
D, =f(x,+2,y,-3 M\ME
2 2 2 3\2 2.2 ) -
=r(x,+2)" +r;(y,-3)" -, Ve (
— 2 2 -+ Mse
=D, +r,Qx, +3)+r (-2y, +2)
2
. I"y (2Xp + 3) Dold < O Previous Choices for ~ Choices for
increment = ) 5 pixel current pixel  next pixel
r,(2x, +3)+r (-2y,+2) D,, =0
19
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Computing the Increment in

2"d Region

 Decision variable in 2" region

D=f(xp+%’yp_]‘)

2 1\2 2 2 2.2
=r,(x,+3)" +r (y,-D"—r'r

 If D<0then M is left of the arc,

* If D >0 then M s right of the arc,
nence the S pixel is closer to the line.

nence the SE pixel is closer to the line.

-/
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Computing the Increment in
2"d Region
SE case

Dnew =f(xp +%’yp _2)
=r’(x, +D +ri(y, =2 -rr;

=D, +1(=2y,+3)+71,(2x, +2)
P=y ¥

S case | —(O—
Dnew=f(xp+%,yp—2) \

2 182 2 2 2.2
=r,(x,+3) +r,(y,-2) -rT,

O
=D  + rxz(—Zyp + 3) M\
\Q

4

~
)

ri(=2y,+3)+r,2x,+2) D, <0
rxz(—2yp +3) D, =0

increment = {
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Midpoint Algorithm for Ellipses

Region 1 Region 2
Set first point to (0,r,) Set first point to the last computed
Set the Decision variable to Set the Decision variable to
D, = ryz B rxzry + %rxz Dir = ryz(xp + %)2 + rxz(yp - 1)2 B I”le”y
Loop (x = x+1) Loop (y=y-1)
If D < 0 then pick E and IFD <0 thzen pick SE aznd
5 +=/r/2(2x £ 3) D +=7, (2x1?+2)+rx (—2yp+3)
yoooP If D >0 then pick S and
If D >0 then pick SE and D 4o 1;2(—2yp +3)
D += ry2(2xp +3)+ rxz(—Zyp +2)
Until y < 0
Until 2r;x, =27y, Use symmetry to complete the
ellipse
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Homework #2

Modify homework #1

Add reading “moveto” and “lineto”
commands

They define closed polygons
Transform polygon vertices

Clip polygons against window with
Sutherland-Hodgman algorithm

Display edges with HW1 line-drawing
code
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