26

SCAN CONVERSION [CHAP 3
| N
21207
. E"Iila. 19) AeY:
- 1] 10 22,13
1.0 HiZ2y13) 1 P(1.7J0.8
0 BJ17,08) " ) -
s P 0.0 10 | 20 | 3 >
7' 0.0 20 30 > /‘ 0 3 | zn
Pixel —¥ 0 2 Pixel Y
coordinates coordinates

(@) @)

Iig. 3-1 Scan-converting points.

We will assume, in the following sections, that this second approach to coordinate system alignment is
used. Thus all pixels are centered at the integer values of a continuous coordinate system where abstract
graphical primitives are defined.

3.2 SCAN-CONVERTING A LINE
Alincincumpmergraphicstypicaﬂymfemmaﬁnesegm:nt,whichisaporﬁnnufamaightﬁmthﬂ

extends indefinitely in opposite directions. It is defined by its two endpoints and the line equation

y=mx+b,whammiscaﬂeddleslnpeandbﬁlcyinbaneptuftheﬁne.InFig.S-ZﬂJctwnendpoimsam

described by P,(x,, ;) and P,(x;, ;). The line equation describes the coordinates of all the points that lie
between the two endpoints.
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Fig. 3-2 Defining a line.

A note of caution: this slope—iniercept equation is not suitable for vertical hnes Huri?nnta], vertical,
and diagonal (Jm| = 1) lines can, and often should, be handled as special cases without going ﬂ:mugh_thc
following scan-conversion algorithms. These commonly used lines can be mapped to the image space mn a
straightforward fashion for high execution efficiency.

Direct Use of the Line Equation

A si leappmachtnscan-mmycrﬁngalineistnﬁrsucan-mnvmﬁansztﬂpixel
(xq,;q)ﬁ(;g,m respectively; then set m = (3, — »})/(x, —x}) and b =y — mx}. If |m| < 1, then for
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Fig. 3-3 Scan-converting a line.

Nawmnsidcrthediﬂ”emcebetwmﬂmsetwudistancevalues:s-r.Whens-rislmthanm,we
have s < t and the closest pixel is S. Conversely, when s — ¢ is greater than zero, we have 5 > ¢ and the
closest pixel is T. We also choose T when s — ¢ is equal to zero. This difference is

s—=t=0—y) =0+ 1)—)]
=2y—25—1=2m(x;+ 1) +2b—2y,— 1

Substituting m by Ay/Ax and introducing a decision variable d, = Ax(s — £), which has the same sign as
(s — 7) since Ax is positive in our case, we have

d;=2Ay*x; —2Ax*y, +C  where C =2Ay + Ax(2b — 1)

Similarly, we can write the decision variable d,,; for the next step as

dipy = 280y*x; ) — 2Ax*y, 4+ C
Then

diy1 —dy = 200(x; ) — %) — 2Ax(y,y — )

Since x;,, = x; + 1, we have

dipy = d;+ 20y — 2Ax(y;1y — )
If the chosen pixel is the top pixel T (meaning that d; > 0) then y,., =y, + 1 and so -

diyy = d; + 2(Ay — Ax)
On the other hand, if the chosen pixel is the bottom pixel S (meaning that d; < 0) then y,,, = y; and so
diy =d; +2Ay

Hence we have

1,F[di+2(Ay—-ﬂx) ifd;, >0
4411 d,+ 28y if d, <0
Finally, we calculate d,, the base case vzlue for this recursive formula, from the original definition of the
decision variable d: ;
dy = Ax{2m(x; +1) +2b — 2y, — 1]
= Ax{2(mx; + b —y;) +2m — 1]
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Since mx; + b —y; = 0, we have

In summary, Bresenham’s algorithm for scan-convertin { :
J‘Eﬁzfzandﬂ-:m-:lcanbestatedasfuﬂm: - gﬂlﬂlﬂﬁ-mnﬁ(x’l,_]/])tuP’z(xé,yi)mﬂl

i]lt.):::x’i,y:_]fl;
int dx = -x5, =3 — Vi, dT = _ - '
imdzzﬁzy..éx;@ Y2 =¥ 2(dy — dx), dS = 2dy;
setPixel(x, y);
while (x < x}) {

xt+;
if (d < 0)

d =d +dS; |

else { |

y+t;
- d=d+dT;

setPixel(x, y);

Here we first initialize decision variable d and set pixel P|. During each iteration of the while loop, we
hlcrmnﬂntrmﬂlenmhuﬂzuntalposiﬁnn,ﬂzenuseﬁemnmntvalueufdtoselactthehntmmnrtop
(increment y) pixel and update d, and at the end set the chosen pixel.

As for lines that have other m values we can make use of the fact that they can be mirrored either
horizontally, vertically, or diagonally into this 0° to 45° angle range. For example, a line from (¥}, ,) to
(x3,3) with —1 <m <0 has a horizontally mirrored counterpart from (x;, =) to (x, —,) with
D<m< I. We can simply use the algorithm to scan-convert this counterpart, but negate the y coordinate
at the end of each iteration to set the right pixel for the line. For a line whose slope is in the 45° to 90°
range, we can obtam its mirrored countzrpart by exchanging the x and y coordinates of its endpoints. We
can then scan-convert this counterpart but we must exchange x and y in the call to setPixel.



