
TL/EE/9664

D
ra

w
in

g
C

irc
le

s
w

ith
th

e
N

S
3
2
C

G
1
6
;
N

S
3
2
C

G
1
6

N
o
te

1
A

N
-5

2
3

National Semiconductor
Application Note 523
Dave Rand
May 1988

Drawing Circles with the
NS32CG16;
NS32CG16 Note 1

1.0 INTRODUCTION

The NS32CG16 is a 32-bit CMOS, graphics oriented proc-

essor. It is software compatible with other Series 32000É
CPUs, with new instructions for high-speed graphics. The

NS32CG16 is designed specifically for page-oriented print-

ing technologies such as laser, LCS, LED, Ion-Deposition,

and Ink Jet.

In this applications note, a method for high-speed circle

generation will be described, using an optimized version of

Bresenham’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.
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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. Since these cases are so well defined, the

NS32CG16 instructions SBITPS and SBITS are used for

these routines.

The NS32CG16 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.
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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 Figure 2.

4.0 TIMING

The execution speed of this algorithm is dependent on the

radius of the circle, and the circle’s width. The test program

supplied executes in 2.92 seconds on a NS32016 at

10 MHz with no wait states. The execution time on the

NS32CG16 at 15 MHz with no wait states is 1.54 seconds.

By using macros for the VLINE and HLINE routines, instead

of subroutine calls, the time can be further reduced to 1.39

seconds.
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FIGURE 1
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FIGURE 2
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FIGURE 2 (Continued)
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FIGURE 2 (Continued)
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FIGURE 2 (Continued)
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FIGURE 2 (Continued)
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FIGURE 2 (Continued)
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FIGURE 2 (Continued)

5.0 CONCLUSIONS

The NS32CG16 provides several instructions that increase

the speed of imaging common graphic items such as cir-

cles, lines, and ellipses. The NS32CG16’s high code densi-

ty, 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 applications note. This algorithm is optimized for

speed.
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LIFE SUPPORT POLICY

NATIONAL’S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT

DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL

SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

systems which, (a) are intended for surgical implant support device or system whose failure to perform can

into the body, or (b) support or sustain life, and whose be reasonably expected to cause the failure of the life

failure to perform, when properly used in accordance support device or system, or to affect its safety or

with instructions for use provided in the labeling, can effectiveness.

be reasonably expected to result in a significant injury

to the user.
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