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Introduction
Invariances generate larger PCA latent spaces

Symmetry transformations of a state get encoded
Into different regions of the latent space
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Introduction
Invariances generate non-interpretable PCA modes

Discrete invariances Continuous Invariances
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Sudden-Expansion
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Noise-driven Sudden-Expansion
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Noise-driven Sudden-Expansion
Representative of more complex flows
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Noise-driven Sudden-Expansion

Snapshots and PCA modes
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Noise-driven Sudden-Expansion
Architecture of Auto-Encoder (AE)

Milano et al.,Neural network modeling for near wall turbulent flow.,2002
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Noise-driven Sudden-Expansion
Architecture of Auto-Encoder
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Noise-driven Sudden-Expansion
s-PCA vs PCA
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Noise-driven Sudden-Expansion

s-PCA vs PCA
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Noise-driven Sudden-Expansion
s-PCA vs PCA
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Noise-driven Sudden-Expansion
s-PCA, nIPCA, s-nIPCA vs PCA

s-PCA nIPCA s-nIPCA
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Noise-driven Sudden-Expansion
Selection of Siamese branch I by neural-net
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Inviscid Burger’s equation
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Inviscid Burger’s equation

PCA modes
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Inviscid Burger’s equation
Architecture of Auto-Encoder
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Inviscid Burger’s equation

PCA modes
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Inviscid Burger’s equation

Performance
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Inviscid Burger’s equation
s-PCA, nIPCA, s-nIPCA vs PCA

s-PCA nIPCA s-nIPCA
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Inviscid Burger’s equation
Structure of STN

STN extracts phase of first Fourier mode
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Kolmogorov Flow
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Kolmogorov Flow
Architecture of Auto-Encoder
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Kolmogorov Flow
Population in symmetry group
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Kolmogorov flow
PCA vs s-PCA
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Kolmogorov flow
PCA vs s-PCA
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Kolmogorov flow
s-PCA, nIPCA, s-nIPCA vs PCA

s-PCA nIPCA s-nIPCA
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Conclusions

* s-(nl)PCA combines Siamese branches, STN and AE
« Larger compression
 s-PCAis more interpretable

More information in:
Kneer, S., Sayadi, T., Sipp, D., Schmid, P. & Rigas, G. (2021).
Symmetry-Aware Autoencoders: s-PCA ands-nIPCA.
https://arxiv.org/abs/2111.02893
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Architecture and hyperparameters for PCA and s-PCA in
Kolomogorov flow

Architecture
Encoder Decoder
Layer Data size Layer Data size
Input (Batch, 32, 32) | Latent space (Batch, N)
Reshape (Batch, 1024) | Fully connected (linear, no bias) | (Batch, 1024)
Fully connected (linear, no bias) | (Batch, N) Reshape (Batch, 32, 32)
Latent space (Batch, N) Output (Batch, 32, 32)
Hyperparameters
Parameter Value Parameter Value

Maximum epochs 10 Early stopping delta | 107

Learning rate 10~ | Batch size 500

Early stopping patience | 5 Optimizer Adam (Keras default values)

Table A.5: Autoencoding architecture and hyperparameters used to train the autoencoding architecture for PCA and s-PCA
for the Kolmogorov flow dataset.
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Architecture and hyperparameters for nIPCA and s-nIPCA in

Kolomogorov flow

Architecture
Encoder Decoder
Layer Data size Layer Data size
Input (Batch, 32, 32) Latent space (Batch, N)
Reshape (Batch, 32, 32, 1) | Fully connected (swish) (Batch, 2048)
Convolution ((3, 3, 16), swish) | (Batch, 32, 32, 16) | Fully connected (linear) (Batch, 4096)
Average pooling (2, 2) (Batch, 16, 16, 16) | Reshape (Batch, 8, 8, 64)
Convolution ((3, 3, 32), swish) | (Batch, 16, 16, 32) | Upsampling (2, 2) (Batch, 16, 16, 64)
Average pooling (2, 2) (Batch, 8, 8, 32) Convolution ((3, 3, 32), swish) | (Batch, 16, 16, 32)
Convolution ((3, 3, 64), swish) | (Batch, 8, 8, 64) Upsampling (2, 2) (Batch, 32, 32, 32)
Reshape (Batch, 4096) Convolution ((3, 3, 16), swish) | (Batch, 32, 32, 16)
Fully connected (swish) (Batch, 2048) Convolution ((3, 3, 1), linear) | (Batch, 32, 32, 1)
Fully connected (linear) (Batch, N) Reshape (Batch, 32, 32)
Latent space (Batch, N) Output (Batch, 32, 32)
Hyperparameters
Parameter Value Parameter Value
Maximum epochs 10 Early stopping delta | 1077
Learning rate 1073 | Batch size 500
Farly stopping patience | 5 Optimizer Adam (Keras default values)

Table A.6: Autoencoding architecture and hyperparameters used to train the autoencoding architecture for nlPCA and s-nlPCA
for the Kolmogorov flow dataset.
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