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Applications of Lie groups
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Several measurements lie in Lie groups:

SPDNet LieNet

Vemulapalli, Raviteja, et al. Human action recognition by representing 3D skeletons as points in a lie group. CVPR. 2014.
Huang, Zhiwu, and Luc Van Gool. A Riemannian network for SPD matrix learning. AAAI. 2017.
Huang, Zhiwu, et al. Deep learning on lie groups for skeleton-based action recognition. CVPR. 2017.
Finzi, Marc, et al. Generalizing convolutional neural networks for equivariance to lie groups on arbitrary continuous data. ICML. 2020.

Equivariance GroupsAction Recognition



Existing Batch Normalization
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Euclidean Batch Normalization: facilitating network training by controlling mean and variance

All the previous RBN methods fail to control statistics in a general manner. 

Daniel Brooks, et al. Riemannian batch normalization for SPD neural networks. Neurips. 2019.
Reinmar J Kobler, et al. Controlling the Fréchet variance improves batch normalization on the symmetric positive definite manifold. ICASSP. 2022.
Rudrasis Chakraborty. Extending normalizations on Riemannian manifolds. ArXiv. 2020.
Aaron Lou, et al. Differentiating through the Fréchet mean. ICML. 2020



Contributions
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LieBN:

• LieBN on general Lie groups, which can control mean and variance

• Specific LieBN on SPD manifolds under three deformed Lie groups

• Preliminary experiments on rotation matrices



Preliminaries
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Manfredo Perdigao Do Carmo and J Flaherty Francis. Riemannian geometry. Springer.1992.
Loring W.. Tu. An introduction to manifolds. Springer. 2011
Yann Thanwerdas and Xavier Pennec. O (n)-invariant Riemannian metrics on SPD matrices. Linear Algebra and its Applications. 2023.
Zhenhua Lin. Riemannian geometry of symmetric positive definite matrices via Cholesky decomposition. SIAM Journal on Matrix Analysis and 
Applications. 2019.

Lie groups:

SPD geometries:



LieBN: from Euclidean to Lie Groups
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Euclidean BN:

Our LieBN:

Gaussian on manifolds:

• Gaussian 
• Mean and variance
• Centering, biasing, scaling



Properties
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Our centering and biasing can control mean, while scaling can control variance:

Under metrics (LEM and LCM on SPD manifolds), LieBN can further control the Gaussian
(App. C):



Algorithm
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Our LieBN is a natural generalization of the Euclidean BN:



LieBN on SPDNet and TSMNet
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Radar:

Skeleton data:

EEG:

Huang, Zhiwu, and Luc Van Gool. A Riemannian network for SPD matrix learning. AAAI. 2017.
Kobler, Reinmar, et al. SPD domain-specific batch normalization to crack interpretable unsupervised domain adaptation in EEG. Neurips. 2022



Preliminary Results on Rotation

10Zhiwu Huang, et al. Deep learning on Lie groups for skeleton-based action recognition. CVPR. 2017.

Application to LieNet:

Ingredients:
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