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The Progressive Iterative Approximation (PTA) method has been widely recognized as an effective and intu-
itive framework for curve approximation, in which control points are repeatedly adjusted so that the generated
curve gradually approaches the target data with improved geometric accuracy. Owing to its clear geometric
meaning and simple iterative structure, PIA has become an important tool in geometric design and numerical
approximation. Most existing PIA schemes are constructed on Normalized Totally Positive (NTP) basis func-
tions since they possess desirable properties such as numerical stability, variation-diminishing behavior, and
well-established convergence guaranties. However, this strong reliance on NTP bases inevitably restricts the
freedom of basis design, and it becomes difficult to explore other basis functions that may offer better approxima-
tion capability or computational advantages, particularly in high-degree situations. To overcome this limitation,
this work introduces the Gauss-Legendre (GL) basis functions [1] into the PIA framework as an alternative to
the traditional NTP setting. Although GL bases do not satisfy the NTP condition, the corresponding collo-
cation matrix exhibits strong diagonal dominance, which effectively stabilizes the iterative process, suppresses
oscillation behavior, and ensures reliable convergence. Based on this property, we formulate the PTA scheme for
GL curves and carry out a detailed theoretical analysis to investigate its convergence and numerical stability.
The experimental results show that the proposed method maintains stable performance even for high-degree
curve approximation problems. Furthermore, numerical experiments demonstrate that the PIA method using
GL curves requires fewer iterations to achieve lower approximation errors compared with the traditional PTA
methods with NTP bases, especially in high degree cases. These observations indicate that Gauss—Legendre
basis functions provide a feasible and effective alternative within the PIA framework, significantly improving
the flexibility of basis selection and extending the applicability of PIA-based curve approximation in geometric
modeling.
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