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Architectural geometry:Architectural geometry: 
Freeform CurvesFreeform Curves
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Freeform curvesFreeform curves


 

Control polygon (points)
– Construction of freeform curve

– Modification of freeform curve
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Freeform curvesFreeform curves


 

Interactive curve design
– Interpolation

– Approximation
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HermiteHermite interpolationinterpolation
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Parametric curveParametric curve
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Parametric curveParametric curve


 
Representation is not unique!
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Basis conversionBasis conversion
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Bernstein basis functionsBernstein basis functions
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BBéézierzier curvescurves



 
de Casteljau algorithm (n = 3;cubic case)
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BBéézierzier curvescurves



 
de Casteljau algorithm (n = 3;cubic case)
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Subdivision of Subdivision of BBéézierzier curvescurves
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Parabolic arc via Parabolic arc via BBéézierzier curve curve 


 

A parabolic arc with axis A as quadratic Bézier curve


 

Construction of a parabolic arc with a vertex and an 
axis 

(1)

(2) (3)

(4)

(5)
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Properties of Properties of BBéézierzier curvescurves


 

Convex hull property
– Linear precision


 

Affine invariance


 

End point interpolation
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Limitations of Limitations of BBéézierzier curvescurves


 

A large number of control points is impractical.
– Required for satisfying a large number of constraints 

(ex: (n-1)-degree necessary for Bézier curve through n 
data points)


 

The control points have global control on the shape 
of the curve.
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Piecewise Piecewise BBéézierzier curvescurves


 

How to select control points in order to satisfy
– Tangent continuity

– Curvature continuity
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BB--SplineSpline curvescurves


 
A set of piecewise Bézier curve segments
– Control points: (m + 1)

– Degree: n

– Knot vector with size (m + 1 + n + 1) = k

– # of curve segments: (k – 2 * n – 1) = (m – n + 1)

m = 7, n = 3, k = 12, 5 curve segments
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BB--SplineSpline basis functionsbasis functions
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The influence of the degreeThe influence of the degree
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Local control on the shapeLocal control on the shape


 

Modification  of a control point
– change only (n + 1) curve segments
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Open and closed BOpen and closed B--SplineSpline curvescurves


 

Closed B-Spline curves
– Control points: (m + 1)

– Degree: n

– # of curve segments: (m + 1)
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Open and closed BOpen and closed B--SplineSpline curvescurves
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Drawback of BDrawback of B--SplineSpline curvescurves


 

While a parabola can be reprsented by B-Spline 
curve, B-Spline curve can not represent a circle, an 
ellipse, and a hyperbola.
– Rational (polynomial) is required to represent a circle, 

an ellipse, and a hyperbola
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NURBS curvesNURBS curves







 n

i
iki

n

i
iiki

wtN

dwtN
tC

0
,

0
,

)(

)(
)( wi

 

: weights



Voronoi Diagram Research Center

The influence of the weightThe influence of the weight
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NURBS curvesNURBS curves
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Conic sections as NURBS curvesConic sections as NURBS curves
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Subdivision curvesSubdivision curves



 
Iteratively subdivide (refine) initial control polygon
– Control polygon (point)

– Subdivision (refinement) level



 
Chaikin’s corner-cutting algorithm
– Uniform quadratic B-Spline curve

– Closed curve /open curve
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Subdivision curvesSubdivision curves


 

Lane-Riesenfeld algorithm
– Split and n x average

– Uniform B-Spline curve 

of degree (n + 1)
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Subdivision curvesSubdivision curves


 

The four-point scheme
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