0o000000o0g Vol. 49 No. 9 3316-3326 (Sep. 2008)

Fast Algorithm for Generating Circle and Ellipse by
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Using Sine-three-term-recurrence
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We proposed an efficient algorithm for generating oblique ellipse by using
the parametric equation called CTTR (cosine-three-term-recurrence). How-
ever, the efficient generating method for circle and normal ellipse is strongly
required rather than the oblique ellipse. Thus this paper proposes a new sine-
three-term recurrence algorithm for generating circles and normal ellipses with
only two multiplications per point. Since the proposed method is simpler than
the traditional methods both in setting initial conditions and in generating arcs,
this method can be superior or equivalent to those of the traditional methods
with respect also to the computation cost. Numerical experiments have shown
its higher quality both in speed and accuracy. In addition it is notable that
this method has no approximation error, and that the round-off error is smaller
than CTTR.
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Fig.1 Generated circle by using proposed method.

0000000000 cosh,0sing, 00 000000000000 (14900000000
c1 =2(a/b)sinf0cy =2(b/a)sind 0000

Tptl = Tn-1 — C1Yn } (14)

Yn+1 = Yn—-1 + coxn.

000 (zo,y0) 0 (z1,4) 000 (7)00000 =006, =00000000000 2
00000000000000000000

0 (14)000000000000000000 NODODOOOODOO0OD0000 (6)00
000000000000000000000000000000
000000000000000000000

e +e7 =2cos0 (15)
0000 e 000000

et o7 -1 = 9c050 - e (16)

00o0ooooog Vol 49 No. 9 3316-3326 (Sep. 2008)

02 0J0000ooooooooo
Fig.2 Generated normal ellipse by using proposed method.
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Fig.3 Generated circular arc by using proposed method.
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Fig.4 Generated elliptic arc by using proposed method.
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Fig.5 Generated circle by using proposed method.

00o0ooooog Vol 49 No. 9 3316-3326 (Sep. 2008)

goooboobbooooooooooobbboooooooobb r=21000000 a =210
00000 b=10000000 ¢ =x/18000000 ¢ =w/400000000 N=14
OoO0O00O70000000000C0O0O00O000Hong000OONealOO 2000000
00000000000000000000 800000000000 O0D0O0DOOSmith

a=21, =10, N=100

06 OJOODOOOOODODO
Fig.6 Generated ellipse by using proposed method.
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Fig.7 Generated circular arc by using proposed method.
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Fig.8 Generated elliptic arc by using proposed method.
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Fig.9 Numerical errors in circle generation.
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Fig.10 Round-off errors in ellipse generation.
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Table 3 Calculation time of circle.

Methods Hong Neal Proposed
method
Circle 588 562 331
Arc 323 302 175

Time: (ns), Circle :100points, Arc: 14points, CPU: Pentium4 2.4GHz
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Table 4 Calculation time of ellipse.

Methods Smith CTTR Proposed
method
Ellipse 783 354 340
Arc 435 190 179

Time: (ns), Ellipse:100points, Arc: 14points, CPU: Pentium4 2.4GHz
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Fig.11 Generated circle and ellipse for dot matrix display.
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