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Fig.1 The one eighth of a circle with a radius of 15 pixel units Fig.2 Point P divides one eighth of

a circle into two segments
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Fig.3 The four possible patterns of an arc’s discrete loci in the second octant on 2x2 raster meshes
B3 FE2ANNSRBEILE 2x2 fH LR EEGER 4 #0 5E  RKEK

B2 2, AW LS K T R

Bt 1L BARKTE 2 M\SRO—BRENLPHER—ATRE A FTNRNRAP A BRI Li<2,0
WE A B S AL K 122 R2Z, 5 A BT R B SPAL B B BE 1,22, W04 A, BT X8 RE RO X £ 2
MR 1y<2.

e ER 2 RS 1L, RATCT LR e

Hit 2 WERMALE L; T2EET CUENAMBRKE ;2.

2 REERL WL

RIE T 1 RIS 2, R T8 2 A\ R EIKAE 4 y=2x SEIMKIA A (B 2 FroR i P R)N S
S TR ENNE 2 FRE € C)RZl T o BRIEE, B i — RIMKE R D0 2 HKF AL I A,
MR K PAL B SR 22 8,30 T €, BRI, 30 B8 e ik e — R B FE /b S 2 i9xd i A 5 440, i R PR 3 A 2 K
L% TR B R M RE I C R C, BB & BUKSF AL A M AL
2.1 KEBLC,H & BRKFEB

MF €, BAIH EAEE A B ABFR ()RR y> 20 BIK AR (%, 50) =(0,r) 2 i 21838 i BUKFAL
By BATH y, = r—i+0.5 (10 0.5 A T % BIVERAE), BK x IR x,WH

xi=rt-y =r =lr-(i-05Y, (1)
xt=rt=yl =r'=[r-3{+0.5), )

K@)-AD)HF
e =xl+20r-i). 3)

© PEBEEERSLIIFUN  htpd/ www. jos. org. cn



2278 Journal of Software HAFFIR  2002,13(12)

& X, =(x51Y, =[y,] U § BAPRE LA BEANFTIY

(X, +LY), (X, +2,7),...(X,,Y,). “)
Hi=1,X,=0Y,=r B, | BKFENMB LFTHERE S X LIRHE
X <P - (r-05"=r-1/4<r. (5)
BT XA R BEHEXGCENT
X2<r-1. (©6)

AT BRI KT HFRA T B S FR x2S Si=r-1, 001 22 b 8, 0T 8 s,=s--1 20— KB BT B
KA S, Xin B x=Xo 1, BN R E=S— X2, 2B T (et 1P oxeo?= 204 | R )7 i R BT AT 48 31 & BUK EAL BB
B K x A% X
REPEAT{
Ee-2x--1;
xe—a+1
JUNTIL (E<2X+1).
KRHE X 21) FREAGNTLEREANR C; NEBUKFAB ZBNEZESNLE 23 WL+ R
Sinc K Saeta HIFIN K T HBRISARLFE P T EH, LUt — P IR BRI REE.
22 KEMC,hEEF B
T € B EAER ARGy vy A K FAB 2
BRI BE —MEERRIR I Y)ARANBLENE | MEA
HEWEH x=x"+1,y=y -1 . FTHNMBUEAREHE C, BHE
FRH & BN A .
Bresenham & [H &K A RESH d K 8L %HE R, ER
WK (x5,¥0) = (0,7r) RRKSEPVIE d=3-2r. A 4 FxR,B
cirele algorithm L RTBR AH PSRRI d SRR T —MEE SR
B4 Bresenham iEEE M AitikE H ER HV FIR EFHRREH d:

Fig.4 Point selection in Bresenham

F d<O,i% H 55,
d=d+AH=d+4x+6; @)
# 20, HV 5,
d=d+AHV=d+4(x-y)+10. (8)
BT AMBATERE—ANKPABR—A EBE B, A T XML
AHV=4(x~y)+10=(4x+6)+4(1—y)=AH+AV, 9)
HhAv=4(1-y).

ZHNON B )KRIILT T x BAKFAL B (r—y) B % B A8, B TE S ey)hb, e S % d K
d=@3-2r)+[4-0+6]+[4-1+6]+...+[4(x—1) + 6]+ 41— r) + 41~ (r = )]+ ...+ 4[1— (y + 1]
=@-2r)+41+2+. +(x-D)+6x+4(r—y)—4r+(r—=D+..+(y+1)
=3-2r+2x(x=1)+6x+4(r—y)~-2(r—y}r+y+1) t10)
=3-2r+4x+2x* - 2(r-y)(r+y-1).
RENT &l C; BB YIRS sk 5 BUOAIE, BA TR AT LOE I LA R A & Bxt f fr 3
REPEAT{
Xo—X:Yo¢Ys
REPEAT{
de—d+4(x-y)+10;xe—x+1;yy-1;
JUNTIL(d<0);
IF (x<y) line (xo,y0,x,y);

© PEBEEERSLIIFUN  htpd/ www. jos. org. cn



5% F—Arbeig MR d Kk 2279

de—d+4x+6xex+1;
JUNTIL(x2y).

2.3 Wixiik

AR LR AR, T T4 H e B 040 ) B 0538 5 Rk
/*RKERBLEE 2 th C; BB+
X 0xex;yenEe-r-18, «2rS,. <1
WHILE(y > 2x)DO{
E«E+S,;S, S, .-
WHILE(E > £, )DO{
EeE=S8,0 Sons & Spene + 2356« x+1;
}
line{xy,y,x,5);y — y—Lxpe— x+1;
}
/AR AABLEE 2 C, BB/
xex+1ld «3-2r+4x+2x -2r=y)r+y-1),
WHILE(x < y)DO{
Xy XY < Y
WHILE(d = 0)DO{
ded+4x-y)+10hx e x+y e y-1,
1
IF(x < y)line(x,, y,, %, y);
ded+4x+6x —x+];

}

3 XBRERSHSLE

& 1 18 T4 71 Bresenham v£. &k, HCL ERA IR MR RIS HIHELH o B AR L2 K
JEEH 1/8 1B 98B B B 1] (B B S 259 42 61 1 000 1K), 755 o 9 40 4 Bresenham 32 5 & 3 42 5040 (R B L BT
7 B 18] 4 L. & B A4 A Turbo C SEBLHFEE P11350 /9 PC ML E#AT LR,

Table 1 Run-Time comparison among the four algorithms

K1 4 MEKETHEX LT

Radius Run-Time (ms)”
(pixel units)” Bresenham algorithm®  Midpoint algorithm® HCL algorithm® New algorithm®
50 110 110 (1) 110 (1) 60 (1.83)
100 330 330 (1) 280 (1.18) 160 (2.06)
150 490 490 (1) 410 (1.20) 220 (2.23)
200 610 550 (1.11) 480 (1.27) 280 (2.18)
250 770 770 (1) 660 (1.17) 380 (2.03)
300 - 880 880 (1) 700 (1.26) 450 (1.96)
350 1040 1050 (0.99) 790 (1.32) 600 (1.73)
400 1260 1200 (1.05) 950 (1.33) 660 (1.91)
450 1320 1320 (1) 1320 (1.33) 710 (1.86)
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A Fast Algorithm for the Drawing of Circles*
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Abstract: An algorithm for the drawing of circles is proposed in this paper. It differs greatly from the
conventional algorithms that select one pixel per iteration because it can generate at least two pixels every time an
I/O operation is executed. The algorithm is presented on the observation that the discrete loci of a circle are
composed of a series of horizontal displacements and diagonal displacements. By locating and drawing these
displacements one by one, the algorithm can effectively increase the speed of circle drawing due to the great
reduction in the number of I/O operations. The experiment results prove that the circle-drawing speed of the
algorithm can be almost doubled comparing with that of the Bresenham algorithm. Furthermore, the algorithm can
be generalized to the production of other conics in computer graphics.

Key words: circle drawing; Bresenham algorithm; discrete loci; horizontal displacement; diagonal displacement
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