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1.0 INTRODUCTION

In this application note, a method for high-speed circle gen-

eration is described, using an optimized version of Bresen-

ham’s circle algorithm.

2.0 DESCRIPTION

A circle can be described by the center coordinates (xc, yc),

the radius (r), and the width (w). With the Pythagorean theo-

rem, pixels along the path described by the equation:

(x b xc)2 a (y b yc)2 e r2

can be set for a width of w perpendicular to the tangent of

the arc.

This, however, involves substantial computation for each

point on the line. Even taking advantage of the symmetry of

circles, a large number of instructions must be executed to

calculate the path.

Bresenham’s circle algorithm works by determining which of

two pixels are nearer the actual circle at each step. Then,

using symmetry, eight points on the circle’s path can be

determined. Applying the width (w) to each of these eight

points yields a displayed (or imaged) circle. For the actual

derivation of Bresenham’s algorithm, see Reference 1, and

Reference 2. This derivation was done by J. Michener.

Bresenham’s algorithm can be implemented in the following

manner:

1. Select the first position for display as

(x1, y1 ) e (0,r )

2. Calculate the first parameter as

p1 e 3 b 2r

If p1 k 0, the next position is (x1 a 1, y1 ). Otherwise, the

next position is (x1 a 1, y1 b 1).

3. Continue to increment the x coordinate by unit steps, and

calculate each succeeding parameter p from the preced-

ing one. If for the previous parameter we found that pi k

0 then

pia1 e pi a 4xi a 6

Otherwise (for pi t 0),

pia1 e pi a 4(xi b yi) a 10

Then, if pia1 k 0 the next point selected is (xi a 2, yia1).

Otherwise, the next point is (xi a 2, yia1 b 1). The y

coordinate is yia1 e yi, if pi k 0 or yia1 e yi b 1, if pi t

0.

4. Repeat the procedures in step 3 until the x and y coordi-

nates are equal.

3.0 IMPLEMENTATION

With the path of the circle described, the pixels along the

path can be set using the basic symmetry of the circle. Fol-

lowing is an example of Bresenham’s circle algorithm in the

C language, based on Michener’s derivation.

circle(xc,yc,radius,width)

register int xc,yc,radius,width;

À

register int y, x, p;

x 4 0;

y 4 radius;

p 4 3 1 2 * radius;

while (x k y) À

setgrp(xc,yc,x,y,width);

if (p k 0)

p 04 4 * x 0 6;

else À

p 04 4 * (x 1 y) 0 10;

y11;

Ó

x00;

Ó

if (y 44 x)

setgrp(xc,yc,x,y,width);

Ó

setgrp(xc,yc,x,y,width)

register int xc,yc,x,y,width;

À

if y1xk4(width/2))À

hset(xc 0 y, yc 0 x,width);

hset(xc 1 y, yc 0 x,width);

hset(xc 0 y, yc 1 x,width);

hset(xc 1 y, yc 1 x,width);

vset(xc 0 x, yc 0 y,width);

vset(xc 1 x, yc 0 y,width);

vset(xc 0 x, yc 1 y,width);

vset(xc 1 x, yc 1 y,width);

Ó

vset(xc 0 y, yc 0 x,width);

vset(xc 1 y, yc 0 x,width);

vset(xc 0 y, yc 1 x,width);

vset(xc 1 y, yc 1 x,width);

hset(xc 0 x, yc 0 y,width);

hset(xc 1 x, yc 0 y,width);

hset(xc 0 x, yc 1 y,width);

hset(xc 1 x, yc 1 y,width);

Ó
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The setgrp routine in the previous example uses symmetry

to set eight points of the circle. Setgrp has a special case to

handle the boundaries of the eight sections. When the dis-

tance between the boundaries is less than half the width of

the circle, both vertical and horizontal lines are imaged for

each section. The vset routine sets width pixels vertically in

the image, centered around the second argument. The hset
routine sets width pixels horizontally, centered around the

first argument.

The NS32GX32 implementation is very much like the C ver-

sion, but is optimized for speed. Note the use of the ADDR
instruction to do the two pi computations, each in one line of

32000 assembly code.

Figure 1 shows this algorithm ‘at work’. 20 circles of radius

350 pixels, and widths of 1 to 20 pixels are shown. A full

listing of this test program is shown in Appendix A.

4.0 TIMING

The execution speed of this algorithm is dependent on the

radius and the width of the circle, the test program present-

ed here which draws 20 circles while progressively increas-

ing the width in memory executes in 0.49 seconds on a

NS32GX32 at 30 MHz. The time can be further reduced by

using macros for the VLINE and HLINE routines and by us-

ing a better algorithm for drawing horizontal lines (i.e., not by

emulating the ‘sbits’ NS32CG16 instruction).

5.0 CONCLUSIONS

The NS32GX32’s high code density and fast execution

make it ideal for intensive graphics processing.

This algorithm does, however, show an apparent ‘thinning’

on the 45§ boundaries, when the width of the circle is great-

er than five pixels. An alternate algorithm will be presented

in a future application note. This algorithm is optimized for

speed.
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