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Abstract: By means of optimization methods, degree reduction of rational Bézier curves is changed to an
optimization problem so that both weights and vertices are considered respectively. Using programming method and
Genetic Algorithms, a new method on the reduction of rational Bézier curves is presented. The method has the
following virtues: Firstly, it is simply to get the result by fitness function, copy process, crossover process, mutation
process, and selection process. Secondly, the rational Bézier Curves can be reduced many times and interpolated.
Finally, the reduced Bézier curves can be represented explicitly.

Key words:  Bézier curve; degree reduction; genetic algorthm

OB ARRAEE R K Jek 2 Bézier th 2K 49 T B RLAE AL ) RARMAL )R X AFAZATAR B F A4 H1 TR & A A%
DI HJERIE T B F 49 4F RM B 0,25 &7 b3t b 0905 £ o ik AeAL PR 5 ik 4 R B Bézier WK
M e —AP 3 7 ik 2 kg T A R & AR A R A IRPAT A R R @dBFRBRMAL
RORAMRAL, LR EILT A 32 Bézier W 25,691k 5% S AGA 49 % K &M FEW /5 694 32 Bézier &R VAT X4 .
x8817: A Bézier W& RV R AL Bk

R EESES: TP391 XERARIRED: A
2550 ih 2 i T AR S T S LA B LA B 5 s th T R R s 2 — R B R R B T B

* Supported by the Foundation of Shaanxi Education Committee of China under Grant No.00JK 119 (Be i 45 #0& [T & Wit &)
EBREN: REE1961—), 55, BRIGAL N1 L 2082, 0T 58 QU0 v S B JL AT Bevh TS ALIE TR 22, B % (1974 —), 55,
Bl 3, 3= TERT S U U SEHLILAT, T SEALIE T 22 3 SRR (1975 —), 40, U, 32 TET I Uk v SEHLA B LA ok v SN L T 2.

© e

AT https/ www. jos. org. cn




BEEA 5.4 3 Bézier wh &K AIEY: 1523

A T LI S B B F AN B 58, AN [ 13 28 R e 3 22 100 o 6 1) e oy X BORS IRAR ), 0 T 7R AN )3 20 R e ) i AT
R B A% 38 7t T AR S A% 32 I v ok it e it TR AT R E 2 TR LA E B b, — 4 S ol e A
PREZE . ol TR K R By I Sk . WK T R SR AT R T AR N AT e S AR T AR R i 2R, T AR BB (W A7k
i, 7 BN AT [ R A B B = BRI A A B FH T i e 1) D Ik SR

tH T Beézier &N H M Z PEFIACR ML, H AT 2 228 090 T Bézier il Zk i FERY ] &1 H 75 v R BmT LA
I3 3 AT HIT AU 7 BT 35 e A H 7 v & UL B A 7 R A {4 Forrest. Farin 25
FHTF B 1 306 5 ke st [ o it 4 kg 3 8 T 25 2] Watkins 11 Worsey 1 il Chebyshev FE44#t 528 Bézier [k (1) F%
Bl Eck MIE BB £k p(e) (¥ T 2N

P, =0=2)p/ +Ap/,
R I R P A T 5 22 8 AUE B 4, SR A BB it 2600 51 2 [N Bézier 1ih 28 AR K 46 1 %, R T Bl ) 42 441 15
PR S S5 /S 3 i SR S I B B, o4 B T i A L At £ o T AR ) AT R MR I EE R Bézier
i 28 A B 10 LA P B 4l &) SCAR B e —BoE i Mg/ oI K T 3 AN A B9 BB 7 923, TR ik
W T AR A5 A AR ) O A B Bezier B AIFEIY, H AT A TFIERE MR BI04 Sederberg I B LA
Chebyshev 2 1l B8 BE i, T R =1 I n I BES) 2 B4R
£ (=11 (@).€] ()6 (0]t €[a,b]f,

1393 FH 0 BERA — M RARE A N TRERIT HE Bézier Ik i BRI AH SCBR[ 11145 (% 7 vE 55 2 B,
W R BT R 2 1y R SR, BV IR B 22 I 9 ) R R O e )R SO AR SC 45 HE A B Bezier &k R
(RIABAR 5k, 0 I FH 384 STVE SC DL T 47 B Bézier w2k A5 s 3 (8 1K 22 Ik [

1 (B HA
Yok BT (p} 1L, € RY BN IR T {@, 2 0}, , 3L E LK) n KT L Bezier 2k

zpia)iBin ®)
x0)=——— efon]

za)iBin ®)
i—0
Horp, B = Clt'(1- )" & n IR Bernstein 3 pf %4
FTiE4 2 Bézier M2k x(O)1 m WX MM, 36 $k— AL H TS (2,17 € R AR AR F (@, > 0} (m<n),
A A 2 B n—m G H Bézier M2k

> DB (t)
' ,tef0]],
o, B (1)

i A2 A

gﬁﬁﬂﬂﬂj@ﬂzﬂgh@%&@ﬂ:mm.
15 Bézier Lk 1 BB 43 2 18 AR R AL RO 2R A 10 T 2R B 28 19 97 R4 BEA AR [R116) m 28 TR
2, B0 T2 BEIG S5 10 BRI IR 2 0,800 min =0.
AN — etk AR S R T T B Bézier M2k BRI ARIR (T2 2 s th (0 7 vE v 4 s ) i 2 b 13k
T R0 A LA A K T PR AT 240 SRR ) R
f(P,P,t,w,@)=min rorli)l(d(x(t),y_c(t))
st. P,PeR", o,m<R", t[0,],
Ferfr PP 4 R T I (R4 R TS5 1) R, 0, @0 43 ) g BB T D (RRLERL 7 i i, ¢ B8
A G R AR ) JBUJE T 30 AR IR B (1 4% A i 8 vk, n PRl T . R 1. S R A s U (AR g i i

© PEBREBALTU bt/ www. jos. org. cn



1524 Journal of Software #AFF Ik 2004,15(10)

WTTIFEAFAELLR B 1) — o) H R o8 B A B oim 1) R SR I S L ATk, PR oK 22 M A T iR AR R
B F A bR ) Je) 348 R T KA A R — 2D A R AN 7 17 3K 5 5 R B B A S DU AV B0 L by — 5 (4R 2) AE 52
PUSE 2 T BT AT R (v o A SR eR B — PR B S R I 30 S b R U R R T
DUR 3 — AR AR VR AR, A I B A AN AT RERN.3) SHVE S R — ity 00 46 (B0 PR 328 BUA 80K 10 50 38 AN [ (R 4
I RE - EUAN [ (A 45 A 46 (L AR 38 BRSO T DA 0] i) R S IR BLR T SR A S iRL4) i =
SRR RUE B R A e A DI T 3 PR A P 3 AT 2 2 (1 R A i (T — b O B T X
ME AL AL 7 VA5 B S A Tz N ) 2 BERRAG  —.5) Xh R A 2 o i A A BT A SR 0 A ST A R B T
SR R 2 TR AE AL TS T B 1) N P34 02— 2R A Darwin [ 2R 3E4L 18 55 Mendel 38 £% 22 57 P
V0 Rl 1 SR A 2 2% 4 R A0 A i S 7 2 Ak ST L A g A e R S 1) AR o R SR A 1) e L
A7 LA Bl e

a. SRIEEAAE I G2 2 AN ATAT AR 4R 45 0 AR SR AN AT A SR AT RAF R R AT

b, S3% R e P AR A R, T I 20 1 P Ao 2 5 JE A Aty B £ S0, AN T T )32 I T 3 s e AN T ok
FA 2k BT i M 23 SR A 1)

c. HPAMAE T — MR IR AT 6 2250 AR IR Yy (Ll R 10 1 B AL
B, BATAR 9 A A g A B AR A 1k

SR TR R R B AN 2 AL S 25 I8 17 28 T 2 2% SCRR[13~15).

2 BiEmik

FEF AL STUL AT P Bézier 4k FEI 1O ST 1315

(1) fidmER

Tt A BRI — A T T (R 25 R o T A ) R A 1) G B s, 2 ATl ) e R R S B G R G Ak SR S B
i L, X 2 A1 Sy R DT 43 Si B A A o R FH 55 M0 % LG R ) — ) 20 0 IS S35 (¥~ B R % 0y

(2) REMHIVIERIE

AR SRR Ll BRI S5 42 DO AT AT AR AL 1 S A AL @, €[0,10,i = 0,...,n—m RGN

Di = Prnin + (P = Pinin )@, = Opyiy + (O = Oy )1 = 0,cin—m

SRAF K] [ P> Panax ) T [ @pins Oue ] 2 1R I o, S BB 5 045000 TH RS20 8, Do P 4 P38 1) 3/ S5 B0
35 RS, @i s O A T EE 1 55z /D 1E S H5(E R0 8 K IE SESUE A T ORI 3 23 46 B4, T 4 by = pos
Pum =P~

(3) T A o 20

TEAR R B A A A HRAT — AN 38 AR, A4 1R P BRI i 7 A 7R R, FE B T — A AT B e B O b Ak i
18 R BIE K

1
1+ rorggl("x(t) - x(t)"

PRS2 ST AP SR 110 42 3 I R B 2 1O 5
J(0=

J@®

1
1+ fmax (d(x(2;),X(¢;))
J=0,1 -5

b sy H P Fa i A R A S R

(4) EF

TEREIT B IR0 T MCUTT B o £ A0 BN A e A B AR D SO B 7 N ORI £ T Ty &5
A S A LA B = 2 8 B A SR H 5 H (1862877 ¥ (roulette wheel selection) >R iE4T IEF%.

(5) W&

BUR (1 Ge €  AZRAZ (1 5 207 A A G A, AT A 5 AQAS PR 4R 7R 17 X008 1R 38 e e 3K R AR 2%

© PEBREBALTU bt/ www. jos. org. cn



BEA 54 3% Bézier h &K 4G 1ENY 1525

AZ, BB P AN AL T Ay
s, = (Uil )8, =gl ,
CEATE AR IAL v = au! +(A—a)ul v = Bu) +(1 - B)ul P2 LR FEAR
ST =00 Ve )s 52 = (V0 Vi) s
Horb o, B 410,17 F (0 BB E 7 SE B N IR T B4 B I e S TR o0 o AR 723 il s N B AT F A
(6) &
70 S8 g A AR S S RO A AR R X HUR T — R B BE AL B B [P P ] !
(@pin» O ] FFIEFE B Il @ AT 0 i H5k v (05 737 2 ) B, i @,
(7) WS &AM
M AL T2 — I AR VA S R (a) CEACHESEFTE VB A, (b) T4 IR 5 B = Tu .
(8) iz 4
PR S A BEAR I R/ . B AR IS S 2R BMEAR R, A8 XRS5 K AR e 2 46 4 AN 5T S 50 LT SE
45 58 B S5, A SR S B0 5 B 80~120,180~250,0.5~0.9,0.02~0.15.

3 EHMPSE

Step 1. I NPBERNY T 2 Bézier Tk MR I=HIT R p,,i=0,...,n.

Step 2. il B AT A48 1 22 0% J i 2k

Step 3. WAHTFARACKRIEE HI 2 H SR 2.

Step 4. FEAEHIARFEAK.

Step 5. VI SEEAA KA A A1 3G RAR.

Step 6. A IEACIKEN T FEARACKEAFAS A IE NAE K T-45 7€ 1R 72, 5% Step 7,75 W% Step 8.
Step 7. HHTHEPEAAS F= B 748, [ Step 6.

Step 8. 2l BT I 1 B Bézier 1h£k (i 2 10 8 K ih £5.

4 REST
IS A B Beézier ML X(0) BEAT m IRTFIY, VI3 ML h x™ (0) A 0 425 461 T A R B ERL 743 3l o
Pl TR BRI 22

max(a)ia);"P,- > p, ") =0

min(w, a)j )

£= ||x(t) —x*(z)|| <

pees B, J =0,...,1.

5 H{ELW

AR SO T e I BEEAT T ORI B S 56 IS AT 345 PC:P4,2.4GHz; N A7:256MB; # E R 4L 4
WINDOWS XP;4iF2iE & Borland c++ 6.0,Visual c++ 6.0:38 1515 55 (192 1 3E AR $:250 ;384T — YRR I ) /1N
T 400ms(Z 2% I [A]).

) 1:F% 1 Fr.

YR LY IR Bézier Mgk, HL il T b A ALK 7 4 {450,350,10}, {400,200,20},{300,120,30},{130,200,10},
{60,350,20}.F% — B )5 156 BE =K Bézier &M% HIT0 5 X ABLEFE T4 {450.000000,350.000000,402.711521},
{353.085432,114.051547,691.457254},{184.098890,125.425135,258.046418},{60.000000,350.000000,407.827224
VBRI 5 Y 2R R 22 2 & = 5.488621 (18 %), &l 1 7R,

) 2:1% 1 Bt

oy S PR 0 s SR T 4 {550,400,101,{480,200,20}, {400,150,30},{300,200,10},{200,350,20},{50,150,25}

© HHEREBAAIGUT http:/ www. jos. org. cn



1526 Journal of Software #AFF Ik 2004,15(10)

4G BE LIk Bézier M&k. %W 5 /54 BEPU R Beézier M2k im0 & M A 14 {550.000000,400.000000,

299.922898},{450.042804,138.632371,491.137616},{367.966453,74.840404,438.756569},{315.332215,480.69216
7,410.238285},{50.000000,150.000000, 843.177156}, MK 7 i P9 M £ (1135 25 2 & = 7.524102 (13 25), 1 2 .

S-em

Fig.1 Degree reduction from 4 to 3 Fig.2 Degree reduction from 5 to 4
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