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ABSTRACT

A study on convolution of compatible quadratic Bezier

curves and quadratic approximation

Lee, Ryeong
Advisor : Prof. Ahn, Young Joon, Ph.D.
Major in Mathematics Education

Graduate School of Education, Chosun University

In this thesis we study the geometric properties of the convolution curve of
two quadratic Bezier curves. We present the necessary and sufficient condition
for the existence of cusp on the convolution curve and the formular of the cusp
point. Also, we characterize the behavior of convolution curve and quadratic
approximation near t=0, 1. An unusual result was discovered that the one case
does not occur among four cases of theorem. We present the necessary and
sufficient conditions of that. Finally we approximate the convolution curve by
the quadratic Bezier curve, and estimate the error bound between convolution
curve and quadratic approximation. We also present method of reduce the error

which apply the subdivision to convolution curve.

Key words : Hausdorff distance; convolution curve;
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at+a’(1—t)
o1, 10, ) Hetel k=201- (——% —))e FH, chgel Ha.
at,+a’(1—1t,)
b (t)=2(1—a){(1—t)Apy+t,(1+a)Ap,}
r'(t)=k{(1—t,)Apy+ t, Ap, }
o714 2(1—a)9t kO] FE7} 2a o] FE3] FomR, (0, )M b ()} r (¢)
of WEFe Aol At & 4 gk Eek t=1914

b(1)=2001—a?)Ap,, ¥(1)= %(a—ﬁZ)Apli 2(1—a®)Ap,

b'(t)x<b" (t)=4(1—a)(1— B)Apyx Ap,=4(1— a)* (1+ a)Apyx Ap,
r () <0 ()=4{(1—t—as' ()1 —s ) (1= B(s(t)* = Bs (t)s" (t))

+(t=Bs(t)s' ()1 +as"(#)(1—s)—als' () Apyx Ap,
o A(B3=3t+ )+ (B3t —20)a+ ) 2 (a—1)
= (a(t 1) )6 ApyxX Ap,
ojE®E X+ (0, 1)°lA r(t)ok b(t)e] FEFT= ZTh O
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e 3.89 o, p=a’E ¥

12 15.
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a4 3.9

a=prol T r(r)e o2k 2AA pr)el e Thgol A HET

(D) r(t)= t=1°14 HHE 7F4H, (0, 1)°A =5} =t}

(2) T23] 2 e>00 diat] ()< b 1—e, 1)olA A &
Gol, t=0°lA (1) b (t)= &2 TFolnt

(3) 7%k (0, D)ollA r(#)<} b(t)S] FEH S+ 2T}

<EH>
e 3.1 95t r(t)=
(ap)** —p
a—p
ol AR 7B, (0, DA Aol EAEA b=tk
b'(t)=p(t)+q (t)=2(1—1t)1—a)Apy+2t(1—3)Ap,
=2(1-8){(1—t)(1+3)Apy+tAp, }

=1

Y P - AN
r(t)=2(1 PR R H(1—t)Apy+tAp,}
o1 [E 3V((1 —
=20~ (e t)Apytt Ap,}
olm, t,e(1—e, 1)l thate] k=2(1—( i Pk FH, 0<1—t, <e©l

Bt +B(1—t)

2(1=){(1—t,)(1+ B)Apy+ t, Ap, }

v (t)=k{(1—t,)Apy+t, Ap,}
o714 2(1-3)¢F kY H57F i 1-¢,0] F83] FormE  (1—¢, 1)1 b (1)
b ()] WEFS A Arhar & & ik S =094
-3

olm2 4 (0)9
b'(t)xb" (t)=4(1—a)1—B)Apyx Ap;=4(1+ 3)(1 — 3)*Apyx Ap,
r ()< (t) =4{(1—t—as' ()1 —st)(1—B(s"(t)* = Bs(t)s"(t))
+(t—Bst)s' @) (1+as" () (1—s(t)—als ()} Apyx Ap,
o VG V(Y el Y sl et LN
1+ (3—1)t)°
olm& FZF (0, 1)l r(t)9t b)) HEF-ZT = ) O
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a9 16. WA 3.99 d, o= WFL 47 5> 1, g< 1A A5
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A4 HE - o|af wRo] FAHE o] &7 FAHFL 24

a9 17, o]z WXol] A 472 A4 EFY.

NOSUT

19 18, o=k Hj X9 24 2772 A% ‘Chosun’.

ojzf wX|eo| A 27/ME o]&35te] ZAA|(font) ‘Chosun’(213H 18, FE 9|
13, YHl 47)= whEaL, wiRZRA R o)x} Ao 4 470 E o]&ete] B(1H
17, FE o] 1.6, YH] 1.6)S wEH o, 72+ ‘¢! A& S W sE 1

[e)
Aok, 1% 17, 189 Wlzm~A7] g 17 199 A3 ot}
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9 20. 343+ (convolution curve), 9271¢] segments.

Chhosumn

©] compatibles "3}
17, 18& #7t sk N

208 A T 43 e WA FAYLE & 5 ook wEkA $-g
ol F o s
21)& AZrslar, o]59 9 AHerror)E 3k
stz ko,
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M e
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A=A (TE 2003

oA, d¢A~E232 Ay (Hausdorff distance)E ©]-83}] A
o]z} ZAFFA (L 21) Abole] QA error)E AlAFSItE, Z; Aol d)sle] -~
EEE AYE AReta 22 7 HAY eakE FRYGE D
C h 0 S u n
no.segments 14 10 20 20 12 16
Nno.cusp 0 2 2 4 2 6
error before .
o 480x107% 145x107! 266x107% 441x10°2 112x10°! 2.08x10°!
subdivision
error after ) . f
L 480x107% 1.69x<10°% 266x1072 9.88x10 % 347x10°% 2.08x10""
subdivision
E 1 FARA oA 2ARA Abole] @7 wlit
Al 3.1& olgst F #A o Fd FAdFHY HH(cusp) e AT
T Jon, 22 ‘CE AQstas BF HHo] EAgdt= AS & Ut o] F
‘o, n'dlA = HAo]l Hu abel TS FA AN ‘h, s, uelAE HAe] Hu
oA GFS FE AL L F Ak 0AF Foly] gstel W] EAFE Fa
of PEETS AT F, o] FH o|x TATHL FA
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a9 22+ 19 202 HA(cusp)S 7|Fow HFEEE(subdivision)dr A9
= E

n
o]z} A A (quadratic approximation curve)©]th. 1S &3l 1920, 229]
HAd x5 ¢ F Aok 28 FEEE dF] Hg oxE &+ den,

T T 07 el HA ZolHS & g Ak ol& 3 fEle & 3911*@«]
Fis] A2 eaE T o)A EAEAA S 9E oAU

a7 22% o)A WA Ao o]FolA lom o5 WH
T Aoh(2¥ 23) SAe] & E R a9 172 v g, 19 17, 189
#FA7] TS de=vh (¥ 24)

{®

19 23, trimed A,

¥
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5% 28

o] =folMe F olxF HlAol /o] comparible® W, o]5¢ A
(convolution curve)e] (0, 1)olA H-(cusp) 718 ZaFFx13, t=0,1 A
o Al =t e] FEE 7R EF/etal ol59 8T EEAS FEsTh

(quadratic approximation) b(t)2] HE|E FAAHEE, FE Foo w} 47M1A=
threl AATEaL, Aol did B FEEAE o, poll BT
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) =]
ez

1) 29 179 Alojt}ztE(control polygon)
[[-0.6788225098, -0.3394112549], [-0.3394112549, 0.3394112549], [0.3394112549, 0.6788225098]]
[[0.3394112549, 0.67882250981, [1.018233765, 1.018233765], [0.6788225098, 0.33941125491]
[[0.6788225098, 0.3394112549], [0.3394112549, -0.3394112549], [-0.3394112549, -0.6788225098]]
[[-0.3394112549, -0.67882250981, [-1.018233765, -1.018233765], [-0.6788225098, -0.3394112549]]
2) 19 189 A|lojt}Z& (control polygon)

[[8.20, 9.821, [5.56, 13.92], [2.54, 11.48]]
[[2.54, 11.48], [0.21, 9.597483444], [0.87, 4.871]
[[0.87, 4.871, [1.35, 1.4318302231, [4.31, 0.95]1]
[[4.31, 0.95], [6.6, 0.5772326992], [8.33, 3.441]
[[10.45, 12.46], [11.03, 6.77], [10.56, 0.851]
[[10.56, 0.85], [11.3, 9.521, [14.42, 7.831]
[[14.42, 7.83], [15.8, 7.08250], [15.56, 0.84]]

22.01, 7.71, [20.51, 8.81], [19.10, 7.62]]

[l

[[19.10, 7.62], [17.73, 6.463758865], [17.83, 4.39]]
[[17.83, 4.39], [17.94, 2.108865248], [19.31, 1.14]]
[[19.31, 1.14], [20.72, 0.1428467156], [22.09, 1.16]]
[[22.09, 1.16], [23.42, 2.147455378], [23.36, 4.39]]
[[23.36, 4.39], [23.29691953, 6.747679549], [22.01, 7.7]]

29.8, 6.271, [29.16, 8.73], [26.56, 8.15]]
26.56, 8.15], [24.77, 7.7506923081, [25.14, 5.95]]
25.14, 5.95], [25.34, 4.976652806], [27.52, 4.5]]
27.52, 4,51, [29.7, 4.0233471941, [29.9, 2.88]]
29.9, 2.88], [30.2, 1.164979209], [28.1, 0.85]]
]

[l
[l
[l
[l
[l
[[28.1, 0.85], [25.53, 0.4645254443], [25.37, 2.68]]

[[32.36, 8.44], [31.64, 4.95], [32.17, 2.25]]

[[32.17, 2.25], [32.83, -1.112264151], [35.11, 2.25]]
[[35.11, 2.25], [36.35, 4.078599801], [37.07, 8.28]]
[[37.07, 8.28], [34.87, 1.06], [37.07, 0.85]]

[[39.32, 7.01], [43.07, 11.48], [39.48, 0.63]]
[[39.48, 0.63], [42.28, 9.9], [44.45, 7.86]]

[[44.45, 7.86], [45.61, 6.769493088], [44.61, 2.91]]
[[44.61, 2.91], [43.5, -1.374037328], [46.2, 2.10]]
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