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A General Formula of Aesthetic Curves and Its Self-Affinity

Shizuoka University

Kenjiro T. MIURA

The curve is the most basic design element to determine shapes and silhouettes of industrial products and
works for shape designers and it is inevitable for them to make it aesthetic and attractive to improve the total
quality of the shape design. If we can formulate the aesthetic curves, it is expected that the quality of the
curve design improves drastically because we can use them as standards to generate, evaluate, and deform the
curves. In this paper we discuss the properties of two typical aesthetically beautiful curves: the logarithmic
spiral and the clothoid curve and we derive a general formula of aesthetic curves that describes the relationship
between their radii of curvature and lengths inclusively expressing these two curves. Furthermore we show
the self-affinity possessed by the curves satisfying the general formula of aesthetic curves.

1 00

goobooobooboooooobooobobooboooboooon
gooooOooboobOoboooboooooooooooobooDbOon
goboooooooboooooboobooooooooooboooboOoo
gboooooodoboobodobooooobooooooooon
cCADOO00O0O0OO0O0O0O0D0OOOO0OO0O0OOOOOOooDoOoO
gobooooooboooooooboOooooooooooooo
goooboooooooooobooobbooobooooobobooo
goooooooooo

oo0oo0o0oooU0oooooooooUooUo (Do)o
gobooooooooooobobooooobboooooooooo
goooboooooooooooooooboooboooooooboon
ooooUooUooooooooOoooooo 200000
gooooooboooboobooobo 2000b0b0O0oDbOoDbO
goboooooobooooooooooooooooobooOoo
gboooooooo

2 00OOoooooaoo

21 00000

0000000000000000000000000000
00000000000 (300000000000000000
00000000000000000000000000000
0ooooo [3, 4,50
0000000000000 p00D0 (00)s0000000
00000000000000000000000000000
0000000000000 p000 01000000000
00000000000 60 ¢ 000000

p=cos+a (1)

000000000000 0000o0O0O000obD e0bOO
goooooboooobooooooooo

Ct)=e"t®'0 (¢t >0)0 (2)
00000 C(t) 00000 p(t)0000 s(t)00

p(t) = 1\/ a? + bzeat,s(t) =+va2+ bQ(eat -1)

b

p(t) = cos(t) + c1 (3)

000D000000c=1/b0c¢; =—1/(bvVa2+b2) 0000

000000000000000000000000 300
00000000000000000000000000000
000000 10000000000000000000000
0000000000000000000000000 [6]0

0400000000000000000000000000
000000000000000D00000000000000
oooo

0000000 (2)0o00ob00oooUoooDoOoooOo
0000000000000000000¢>1000 C'(#)0
oobooooooooo

oc't)y = C@t+1) (4)

e*eC(t) (5)

0000000000000 C'(1)000 C(#)0 e*000000
00000000000 s00000000000000000
00000000000000000000000000000
00000000000000000000000000000
00000D000D0000000000¢<100000000
00000000000000000000000000000
nfufsfalafufalals

22 QJO0ODODO

ogobooooooooooooooooooooboooooo
O00ooO0o0ooO0oUo 10000000 [rooooooooo
gooboooooboooooboooobooooooooobo
gobooooooobooooooon

goboodoooooooobboooobooobooooooo

t
Cct) = / e dt (6)
0
000D;0000000e00000000000000000
100000
dC(t) iat?
e GO 7
7t e (7)

000000000000 1000000000 ¢t000 s(t) 0
goobooooooooooooo 2000000000000
ooo

w(t) = | & ;;ft)

gobooobooboobbooboobbooboobooo
O p(t)=1/k(t)00

p(t)”

= |(2iat)e™"’ | = 2at (8)

= cos(t) + &1 (9)
goood

23 0O00O0OOO0OOOO

0 @300 vODo0Do0DoD0o0oooDoooooUooUoOo
gobooooooooooon

p(t)* = cos(t) + 1 (10)

0000«O0000000000000000 (3)0 a=100
(990 a=-10000000

0(10)0 20000000000000000000000
00000000000000000000000000000
0000000000D00000D000D00000000000
ooooo



3 UO00OO0oOooOoboooooobooboooo

3.1 00OO0O0OO0O0

0(loj0oooob000ooooooooooooooooo
gobobooooobooooooooooboooooboooobOooo
gbooooobooooboobooooobooooobooooooo

O0C(s)0000000000 (10)oooooooooooo

(11)

000000s000000000000dC(s)/ds| = sa =1
000 (000 [8)0000 200000 6(s)000000

ps) = (cos+e)m

dx dy .
I cos 0, 1 = sin 6

00D000O0p(s)=1/(df/ds) 00000000

do o
i (cos+c1)

good

(cos +c1)*T?

9 =
(a+ 1)eo

+ c2 (14)

O0ooU0oooouoO Pp=C(0)000O0O

ic 5 (cqute @l
C(s)=Po+e 2/6 (a+lleo  dy O (15)
0
000000000 000O0000o0oo0o0U (p)ooooo
e000000O0 200 a4+ 10000000 (UOOOOO

oo)boooooo

3.2 0J0OOOOOO

000 ([1,2]0000000000000000000000
00000000000000000000000000000
00000000000000000000000000000
00000000000000000000000000000
0oooooooo

00000000000 log(ds/d(logp)) D000s0p000
00000 ¢000000,

ds ds ds
%% oz 7) %ﬂ%i og(pg;)

dt

d
= logp+logsq flogd—lt) (16)

000000 ©oo0b00t=s00000ds/dt=s4=100
oooooo (o)ooouoooooo

ds €0 1-a
1 log 1 — log(=2
oz ) ogp +logl—log(—p ™)

log

= alogp+C (17)

O00O0C =loga—logco+logl 0000000000000
000000000000000000000000000 o0
oooooO0oO0oO0oOoOoO

4 0000000000000

O000000000000000000000000000
00000000000000000000000000000
0000000000 00000 200000 2Y200000
0000000 (3000000000000000000000
00000000000000000000000000000
000000000 00000000000000000000
Ooooo000O0
000000000000 (1000000000000000
000 «00000
p(t)”

= cos(t) + c1. (18)

s(t)00000000000000 t000000000000
0000000000000000000s(t) =a(e® —1)/c
00000000000000000
1
p(t) =cie
0200000000000000000000000000
000t0t+100000

By
[e3

(19)

1
p(t+1)=cf eFes (20)

gobooooooboooboooobooooooooooooonoa
000 f/*0000000000000000
gobooooooooboooooooon

sty = st+1)—s(1)0O

= C—leﬁ(em —-1)
Co

(21)
(22)

goboooboooooooboooooboooooooooooooa
00 00D00000000000D00

gbobooboooooboooooocobooooooboooooo
0000000000000000 /0000000000
00000 £ 0000000000000 000000000
gooooooooooobooooooboooo 2000000
gobooooooboooooooboooooooooooonoa
gobooooooboooooooooooboooooooooo
gobooooooobooooooo

goboooboooooobooooobooboooooooooon
gooooooooboooooobooboooobooooooboo
gobobooooooboooooobooooooboboooooooo
gobooooobooooooooooootooboooooa
gooboooooboooooooooooboooooooooboo
gooobooooobooooooobooooobooooooooo
goboooooooooooooooooooooooooonoa
goboboooooooobooooo100booooooooboo
gooogo

5 00O

goboooooooooooooooooboooooooooon
gooboooooboooooooooooboooooooooo
gobobooooobooooooboooooboooooooo
000000000000 0O000O00 L,2J000000OoOO
gooboooooboooooobooooboooooooo
goboobooooobooooooboooooobooooooooo
gobooooooooooooooooo

0000000000000 FTCOO 9 O0O0o0o0oooo
O000o0o00oo00ooo0ooo0oooooonD CADO
gooooooogoooo

oooo
[l 0000,000,0000,00000000000000
0000000000, Vol.42, No.3, pp.33-40, 1995.

[ 0000,00000,0000,000000000000
00000,000000, Vol.13, No.3, pp.149-158, 1998.

[3) 0000,0000,0000, 1992.
[4 0000,0000,0000,00000,0000, 1979.

[f) DDOO0OO0O0O0OO0ODOO0O0ODOOO0,0000000000,
gooo -bocooooobo-, 0000, 2005.

6] 0000,00000,0000, 1986.
[7 0000,0000000,000000, 2002.

[8] Farin, G., Curves and Surfaces for CAGD, 5th Ed., Morgan
Kaufmann, 2001.

goooo0, ooooooooo, Dooooooo
CAD/Visual Computing 00000000 2005000,
pp.227-232, June 16, 17, 2005.



