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This paper presents a novel hybrid optimization approach that
simultaneously employs B-spline and thin plate spline (TPS) basis
functions for reflector surface shaping in geostationary (GEO)
satellite antennas. In this method, the reflector perturbation is
modeled as the sum of expansions of these two sets of basis
functions, and their unknown coefficients are determined using a
minimax optimization technique. Since TPS functions minimize
the bending energy and produce smoother surfaces, while B-
splines provide higher precision in radiation pattern shaping, the
proposed hybrid approach achieves both surface smoothness and
pattern accuracy. Simulation results show that, although the
convergence speed and accuracy of the hybrid method are about
10% lower than those of the pure B-spline method, the surface
bending energy is reduced by more than 90%, resulting in a much
smoother and more uniform reflector surface. Furthermore, the
RMS optimization error is approximately 60% lower compared to
the pure TPS-based approach. These results confirm that the
proposed method preserves radiation accuracy while providing a
smoother, more stable, and fabrication-friendly surface,
outperforming conventional shaping methods.
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Fig. 2. General structure of a reflector antenna [7].
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Fig. 3. Geometry of the offset reflector antenna and its design
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antenna based on the basis functions: (a) B-spline, (b) thin plate
spline, and (c) the combination of B-spline and thin plate spline
functions.
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