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Computer Graphics

Circle Drawing and Clipping

Week 3, Lecture 6
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Outline

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

Scan Conversion of Circles

* Generalization of
the line algorithm
» Assumptions:
— circle at (0,0)

(17,0)
— Fill 1/8 of the circle, Not using the 8-way

symmetry of a circle
Tt generated

then use symmetry
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Using the 8-way symmetry of a circle:

Scan Conversion of Circles

« Implicit representation of the circle function:
2 2 2
F(x,y)=x"4+y"—R“=0.

» Note: F(x,y) < 0 for points inside the circle,
and F(x,y) > 0 for points outside the circle
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Scan Conversion of Circles

+ Assume we finished pixel (xp,v»)

* What pixel to draw next?
(going clockwise)

* Note: the slope of the circular
arc is between 0 and -1

— Hence, choice is between:
Eand SE

+ ldea:
If the circle passes above the
midpoint M, then we go to E
next, otherwise we go to SE

Scan Conversion of Circles

* We need a decision variable D:

1
D = F(M)=F(yp+1y,—3)
1 ! GI:“‘/
= (x,.+|)2+(}'p*§)szz. SEN

* If p<o then Mis below the arc,
hence the E pixel is closer to the line.

« If b>0 then Mis above the arc,
hence the SE pixel is closer to the line.




Case |: When E is next

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

1
Duew = Flxp+2,yp— 5) =
1 -
(4 2P+ (p = )~ R \
1
(x?, +4x,+4)+ (yp— E)z ~R?

wo

E

)

1
= (xf,+2x,+1)+(2xp+3>+(.v”—5)2—1e

1o
= () @ +3)+0p—5) R

D+ (2xp+3).

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

PiceIMath courtsy of Dava Mount @ UMD-CP

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 1/4

* Hence: set the initial Dto 71— R
(subtracting 1/4)

Case Il: When SE is next

* What increment for computing a new D?
* Next midpoint is: (x, +2, yp—1-(1/2))

3 ) E
Duey = Flxp+2,3p-3) Y
3 M
= (2’405 R \
9
= (xf,+4x,,+4)+(y,2,—3y”+Z)—RZ -
1 8
= (B2 + 1)+ 25+3) + 0 —yp+ Dty -R

1
= (ot +0p— 3 R+ (25 +3) + (-2 +2)
= D+(2xp—2yp+5)

» Hence, increment by: (2x, —2y,+5)

 of Dave Mount @ UND-CP

Scan Conversion of Circles

* How to compute the initial value of D:
* We start with x = 0 and y = R, so the
first midpointis at x = 1, y = R-1/2:
Dy = F(],R—%)
= 1+(R—%)3—R2
= 1+RZ—R+%7R3
5

= Z-R
1
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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 <y
—If(D<0)
o x++, D+=2x+3;
— else
o x++; y—; D+=2(x-y)+5
— WritePoints(x,y)

WritePoints(x,y)

Cx, b
* Writes pixels to g
the seven other  (-y. x/ W
octants “ |-
o
=y, =0\

x-n"T°
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Clipping Circles

Second octant generated
by algorithm
scae

cea_

-

 Accept/Reject test
— Does bounding box of
the circle intersect with
clipping box?
« If yes, condition pixel
write on clipping box
inside/outside test

@, Firstoctant
3 | generated
by symmetry
\]
J

°
$
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Properties of Ellipses

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

d;+ d, = const X
If Fi=(x;, y;)
and  F>=(x3 )
then

\/(x—)cl)Z + (y—yl)2 + \/()r—xz)2 +(y —yz)2 = const

Properties of Ellipses

+ Equation simplified if v
ellipse axis parallel to
coordinate axis

(xfx‘) +(y—y‘J i
T Ty

+ Parametric form £

X

X=x_+r.cost

y=yc+}f‘.sin0

Symmetry Considerations

* 4-way symmetry

* Unit steps in x until reach
region boundary

+ Switch to unit steps in y

ey =rixt ey =rin? (o) T o)

+ Step inx while
i’),ZX < r}y
+ Switch to steps in y when

2 2
}"‘,er‘y
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« Similar to circles
+ The initial value for region 1
Dy =f0r -9

_2_ 2 1,2
=h L gl

Midpoint Algorithm (initializing)
* The initial value for region 2

0@ N
Region N\,
1
BN
Diir =f(x, +3.5,-D

2 2, 2 2202
=r(x,+ )+ (y, - DT -1

« We have initial values, now we need the increments

Making a Decision

« Computing the decision
variable

D =flx, +Ly, -3

2 2 2 2 2.2
= (x, + )+ (y, =3 =nn,

2 xly

Xp xptl
« If D <0then Mis below the arc,

hence the E pixel is closer to the line.
« If D>0then Mis above the arc,

hence the SE pixel is closer to the line.
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Computing the Increment

E case )
D,,, =f(x,+2,y,-

=, 4D G, - -
=D, + r‘2(2x” +3)
SE case
D, =f(x,+2y,-3)
=5, #2740y, = =]

=D,y + 17 (2x, +3)+ 17 (2y, +2)

1Q2x, +3) D,y <0 previous  Croicestor  Croicesfor

! pxel  cumentpixel  next pixel

rQ2x, +3)+1}(2y,+2) D, =0

increment = {
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* Decision variable in 2" region

« If D<0then Mis left of the arc,

» IfD>0then Mis right of the arc,

Computing the Increment in
2"d Region

D=f(x,+3.y,-D

2 1y2 20 2 2.2 —
=, +) + 0y, D =’

hence the SE pixel is closer to the line.

hence the S pixel is closer to the line.
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S case

increment = {

Computing the Increment in
2"d Region
D, =f(x,+3.y,-2)

=R+ Dy, =2 -
=D, + r\l(fl_\‘,, +3)+ rf(2xﬂ +2)

SE case

D, =f(x,+%.y,-2)
=R, Dy, =2 =

=D, +17(-2y,+3)

rf(—Zyp +3)+ r‘2(2)cp +2) D, <0
72y, +3) D,, 20
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Midpoint Algorithm for Ellipses

Region 1 Region 2
Set first point to the last computed
Set the Decision variable to
Dy =1}, + D7 4120y, =7 =1,
Loop (y =y- 1)

If D < 0 then pick SE and

Set first point to (0,ry)
Set the Decision variable to
Dy =1 =rin 41

Loop (x =x+1)

IfD<0tr;en pick E and D 4=r2Qx, + 2+ -2y +3)
D +=r2x,+3) fD>0then pick Sand
If D> 0 then pick SE and Dby
D +=r)Q2x,+3)+r}(-2y, +2) e
o ) Until y <0
Until 2rx, =2r7y, Use symmetry to complete the
ellipse

23

23

21

22




