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Abstract The fairing of curves and surfaces originates from the actual needs of engineering design
and manufacturing, and is of great significance in various fields, such as automotive body design,
aircraft wing design, and ship hull design. The fairness of these curves and surfaces directly
influences the quality, physical performance, and aesthetics of the products. Consequently, the
fairness of curves and surfaces is a prominent research focus on computer-aided geometric design,
possessing substantial theoretical and practical value. International research on this topic began
around the 1960s. Traditional methods for curve and surface fairing primarily include global
fairing techniques based on minimizing energy functionals and local fairing methods that modify
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selected “bad points”. Despite the many existing methods for fairing curves and surfaces, several
challenges remain, such as low levels of automation, high computational complexity, and
inefficient algorithms. Fairing-PIA (Fairing-Progressive Iterative Approximation) is a geometric
iterative method that generates a series of fairing curves and surfaces by adjusting control vertices.
The Fairing-PIA algorithm assigns individual weights to each control vertex to optimize the shape
of the curves and surfaces, providing greater flexibility for generating smooth curves and surfaces
in data fitting. In this paper, we design a local Fairing-PIA scheme, named Local-Fairing-PIA.
In Local-Fairing-PIA, only a subset of control vertices and their corresponding fairing weights are
adjusted to optimize the local shape of the curves and surfaces. The fairing of curves and surfaces
can be adjusted point by point or segment by segment using Local-Fairing-PIA, allowing different
parts of a curve or surface to exhibit varying degrees of smoothness. This local fairing method can
interactively adjust part of the region according to the user’s requirements, which can not only
achieve the local fairing effect, but also retain the original characteristics of the rest of the region.
Compared to traditional fairing methods based on minimizing energy functionals, the ILocal-
Fairing-PIA algorithm balances fairing effects and fitting errors in local adjustments of curves and
surfaces, while avoiding large-scale matrix computations and reducing computational costs. In
this research, we establish the convergence of the Local-Fairing-PIA iterative format.
Experimental results across multiple curve and surface fitting instances indicate that the Local-
Fairing-PIA method is effective. Employing the Local-Fairing-PIA algorithm, it is possible to
reduce the local energy of curves and surfaces by more than 11%. Overall, the Local-Fairing-PIA
technique offers a robust, efficient, and flexible solution to the problem of curve and surface
fairing. By fine-tuning specific control points and their weights, this method enhances the
smoothness and fitting accuracy of curves and surfaces, ultimately contributing to improved

performance and reduced computational overhead in engineering applications.

Keywords progressive iterative approximation; fairing; local; data fitting; iterative geometric

method
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Background

Curve and surface fairing hold significant value in various
fields, such as automotive body design, aircraft wing design, and
ship hull design. The fairness of these curves and surfaces directly
influences the quality, physical performance, and aesthetics of the
products. Curve and surface fairing has long been a critical
concern in the field of computer-aided design. International
research on this topic began around the 1960s. Traditional
methods for curve and surface fairing primarily include global
fairing techniques based on minimizing energy functionals and
local fairing methods that modify selected "bad points. " Despite
the many existing methods for fairing curves and surfaces, several
challenges remain, such as low levels of automation, high
computational complexity, and inefficient algorithms.

The progressive iterative approximation (PIA) is a
geometric iterative method that generates a series of curves by
adjusting control vertices to interpolate or approximate given
data points. This method originated from the uniform cubic B—-
spline gain—loss correction algorithm developed in 1975 and
was formally proposed and named by Lin et al. in 2005. By
avoiding large—scale matrix computations, the algorithm

becomes more efficient and flexible. In recent years, the

LIN Hong-Wei, Ph. D.., professor. His research
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graphics.

progressive iterative approximation algorithm has seen further
development, leading to improvements in speed and reductions
in computational complexity.

Fairing-PIA is another geometric iterative method that
generates a series of fairing curves and surfaces by adjusting control
vertices. This paper introduces a local fairing method based on the
global Fairing-PIA. In the local Fairing-PIA approach, only
certain control vertices and their corresponding fairing weights are
adjusted to optimize the local shape of the curve or surface. The
fairing of curves and surfaces can be fine-tuned pomt by point or
segment by segment using local Fairing—PIA. Different parts of a
curve or surface can exhibit varying degrees of smoothness.
Compared to traditional fairing methods, the local Fairing-PIA
algorithm effectively balances fairing effects and fitting errors in
local adjustments of curves and surfaces. Additionally, it avoids
large—scale matrix computations, thus reducing computational costs
significantly and providing a low—complexity, flexible, and
lightweight solution to curve and surface fairing problems, making
it a highly advantageous method in the field.
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