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Abstract

Two important improvements on the framework of the Fuzzy Transform (FT)
methodology are discussed in this thesis, which would ultimately be prepared
for its applications in function approximation and numerical analysis with
uncertainties in data. The first novelty is hybrid FT-PCHIP methodology,
which includes low-dimensional fuzzy approximations that can generate the
same global trend as well as local accuracy to be preserved shape from the
Piecewise Cubic Hermite Interpolating Polynomial method (PCHIP). This
contribution took into account the limitations of standalone FT when it comes
to handling local variations through interpolation of the PCHIP, monotonic
and minimizing oscillations while dealing with the residuals. The
performance of the method was compared through experiments, where the
mean square error was improved by more than 98% over classical FT. In this
sense, the framework effectively connects discrete empirical readings with
continuous modeling and analytical applications and hence is the best fit for
engineering and experimental applications for sensor or irregularly sample
data.

The second contribution is a GA-based optimization framework for FT, which
allays intrinsic problems like fixed node placement and local optima
inaccuracy. The method traverses through a dual-phase GA, which first
adaptively derives the little number of nodes required for any e-convergence
and then optimizes FT coefficients via a truly global search mechanism. The
time complexity of vectorized implementation: real-valued GA i1s O(N),
theoretical convergence under elitist selection and good empirical
performance proved by benchmark functions. Therefore, the optimized FT
achieved not only a 94% reduction in mean square error by reducing the basic
functions but also improving efficiency and accuracy. This makes the method
a very strong alternative being data-driven to real-time approximation tasks in
signal processing, control, and scientific computing.

The cumulative contributions of these will strengthen considerably FT-based
approximation in theory robustness and practical performance, hence
equipping the numerical analysis under uncertainty with a scalable, accurate,
and proper tool.
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