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We conducted this research to express recognition mechanism by using fiber
bundles and apply the expression and knowledge obtained in this research to machine learning. The
major results of this research are as follows. (1) We defined the local isotropic independent
equation for the fiber bundle whose fiber has an algebraic structure, and investigated its
properties. (2) We proposed the concept of local metric preserving learning and showed it can solve
the problem of vanishing gradients in deep learning. (3) For the problem with positive and unlabeled

data, we defined a loss function using the ratio of probability density functions and showed its
detailed properties and advantages. (4) We established a transfer learning theory in the Riemannian
manifold and showed its advantages for the epileptic seizure detection. (5) We applied the algorithm
used or improved in the research to other fields.
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