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Abstract: To address the limited magnetic field homogeneity and high material cost of bipolar
permanent magnet systems for ultra-low-field magnetic resonance imaging, a geometric optimization
method using third-order Bézier radial parameterization is proposed. The single radius parameter
of a conventional disk-shaped magnet is extended to four radial degrees of freedom, thereby
significantly expanding the structural optimization space while maintaining profile smoothness and
manufacturing feasibility. Coupled calculations using a genetic algorithm and the finite element
method are performed to jointly optimize the geometric parameters of key components, including

the magnets, pole pieces, and yoke. A SmCo permanent magnet system with an average magnetic
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field of 59.2 mT and a field inhomogeneity of 1 272X 10 ° is obtained, with the inhomogeneity

reduced by 21% compared with that of the conventional disk structure. On this basis, an SmCo-

NdFeB dual-material composite magnet architecture is introduced, and integer-Bézier composite

optimization is performed under the new geometric framework. A dual-material magnet system

with an average magnetic field of 58. 5 mT and an inhomogeneity of 556 X 10 ° is finally obtained,

with the inhomogeneity reduced by 66% compared with that of the conventional design. It is

shown that the geometric framework based on third-order Bézier radial parameterization

effectively improves the magnetic field homogeneity of bipolar ultra-low-field permanent magnets

and provides a feasible approach for the coordinated optimization of dual-material magnets.

Keywords: ultra-low-field magnetic resonance imaging; Bézier radial parameterization; bipolar

permanent magnet; magnetic field homogeneity
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Fig. 1 Structural diagram of bipolar ultra-low-field permanent

magnet
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