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Classification on SPD Neural Networks
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Tangent Space:

SPDNet (Huang et al., 2017) TSMNet (Kobler et al., 2022)

SPD-SRU (Chakraborty et al., 2018)

Parameterization:

How to build intrinsic classification layers on manifolds?

They rely on approximated spaces



Contributions
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SPDMLR:

• A general framework for SPD Multinomial Logistics Regression (MLR) under PEMs

• Specific SPD MLRs under parameterized LCM and LEM

• An intrinsic theoretical explanation of the most popular LogEig classifier



MLR Revisiting
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Euclidean MLR: Reformulation into margin distance
to hyperplane

Gyro SPD MLR: • Requires gyro vector structures
• Relies on gyro distance, instead of geodesic distance
• Solves formulation case by case

Our SPD MLR:
• Focus on Pullback Euclideam Metrics (PEMs)
• Only needs Riemannian geometry
• Relies on geodesic distance
• Proposes a general formulation for PEMs



SPD MLR under PEMs
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From Euclidean to SPD

Riemannian reformulation

Submanifolds are natural generalizations of the Euclidean hyperplanes.



SPD MLR under PEMs
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Margin distance and MLR

Margin distance:

Optmization:

General formulation:



MLR on the parameterized LEM and LCM 
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Visualization of SPD hyperplane
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