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Optimal transport has emerged as a powerful tool for spatial alignment due to the ability of the Wasserstein
distance to capture the geometric structure of objects [1, 2]. However, this expressiveness comes at a substantial
computational cost. In this work, we develop an efficient algorithm for rigid alignment of discretized three-
dimensional objects using the sliced Wasserstein distance, which is computed by averaging closed-form one-
dimensional Wasserstein distances over directions on the unit sphere [3]. By combining fast Fourier methods
and spherical harmonic transforms, we compute the sliced Wasserstein alignment between two objects with N3

voxels over SO(3) in O(N3 logN) operations, matching the optimal complexity of Euclidean-based alignment
methods. We demonstrate theoretically and numerically that the proposed approach is robust to translations,
rotations, and non-rigid deformations of 3D objects.
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