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* Curve fairing
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Curves
= Tangent vector to curve C(H=(x(7).y(7)) IS

= Curvature
k(f) =

X'y -y @)x" (@)

A3/ 2




Curve Curvature

= Curvature is independent
of parameterization
= C(7), C(t+5), C(27) have
same curvature (at
corresponding locations)

= Corresponds to radius of
osculating circle R=1/k

= Measure curve bending
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Geometric Design: Two Phases

* Shape design and modeling (Macro)

* Fairing design and modeling (Micro)
* A post-processing after shape design

e Less well studied
* Difficult problem
* Lack of solid theories
* Far from solved






Why fairing curves?
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Fairing Design is Important!

* Shoe sole

e Cam profile
* Ship hull

* Car profile

* Plane profile




Why Difficult?

* A subjective concept

* The subtle bumps, wiggles, and
inflection points of a curve

* Related to human perception

* Dependent on designer’s
experience

e A difficult task

e Examining the curves by eye!
* No objective measures
* Cannot do it mathematically




Some ‘Definitions’ of Fairness

[Su and Liu 1978]

* Acurve is fair if it is C 2 continuous and its curvature plot is free of
any unnecessary variation, i.e., the distribution of curvature must be
as uniform as possible.

[Farin and Sapidis, 1989]

* Acurve is fair if its curvature plot consists of relatively few
monotone pieces.

[Farin 2002]

e Acurve is fair if its curvature plot is continuous and consists of only a
few monotone pieces.

[Roulier and Rando, 1994]

* Acurve is fair if it is C 2 continuous and minimizes the integral of the
squared curvature with respect to arc length

jck2ds = MIN



Observations of Fairness

* Neither a global problem nor a local problem, but a
large local problem

* Not an energy minimization problem

 Need not C 2 continuous
e Circular spline

* Intimately related to uniform distribution of
curvature

 Curvature is a “magnifier” of the curve fairness



Example 1

Yy = Sin X, Xel[0,67]

1
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e Thecurveis C”

* The curve is not fair as the eye is very uncomfortable while
viewing from point O

= Reason
= It has too many inflections (vibration nhumbers)
(One vibration: from convex to concave or from concave to convex)



Example 2

y—liéx + sin X, Xel0,6x], o0>0

2

2.5 5 7.5 10 125 15 17.5

y"=1+0—-sinx>0

« The curveis C” without any inflection point.

 The curve is not fair as the eye is very uncomfortable while viewing
from point O (it winds along the black parabola curve)

= Reason
= Y’(x) has too many vibration numbers



Example 3

K(X)

O

* The curvature function y’(x) is discontinuous.

* Vibration number of y”(x) can be defined if it is a bounded function.
y"(X) is bounded => y'(X) has bounded variation = y(x) e C'*'.

* The curveis not fair if k; and k, are much different.

= Reason
= Y’(x) has large amplitude at discontinuity point.



o« — X

‘\b

AR

\

LT} ET} <}

II}

=
& C
1 |
1 |
1 |

Jtliney, A&

LR EIRAY 3T 2

%

(1> 0) EEK:

A7

A2

ks N= S g =R iy
i35¢

M im R D!
A, 1Y i 8 A6 X /).

W 1 2EOTHCH RERME N CE
EMANLC, BC'HSWERERTE. 249
T Z sk g 4k 1E g L IEE S QAL WREBRER WaE/.

B 2. REQMG)EAM KK T K3
AN EHRBLMEND. X556 @A R Y
BIAEN 1-4 — 3.



Remarks

e Vibration

* Change from convex to concave or change from concave
to convex

e First vibration number R
 Vibration number of y(x)

e Second vibration number S
e Vibration number of curvature function
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cy'(x) <1
* y'(x) = k(x)

- 7S




2% NI T 7

* C1continuous

* Decrease jump amplitude of curvature

* Decrease the first vibration number R

* Decrease the second vibration number S



Steps

* Coarse fairing
* Basic fairing
* Fine fairing



Step 1. #)JE]In

s S
* Adjust the positions of control points

* Decrease the jump amplitude of curvature
 Remove some unwanted inflections

* Physical approach
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* Adjust the positions of control points

e Remove other redundant inflections
e Decrease the first vibration number R

* Geometric approach



Step 3. f5 ¢/

» [B]58 %
e Check the signs of shear force at control points

e Adjust the change numbers of shear force
* Decrease the second vibration number S

* Physical approach



Example 1
y"tor
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Example 3

y"A

—
\0\010 Before fairing

y"A

\\010 After fairing
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