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With great data comes great responsibilities

Annual data production [B]
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In the context of my PhD
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Morlet wavelets are sinusoids with Gaussian envelopes

Vio(u) =272 rgu) for 0<l< L, §=4n/L,0<j<J
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Wavelet kernels are localised and extract features
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Fourier kernel
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Scattering transform is a cascade of wavelet transforms
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Input image
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Scattering transform is a cascade of wavelet transforms
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Scattering transform is a cascade of wavelet transforms

Order O Order 1 Order 2
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Multidimensional dependency require variable mixing

Tensor fitting

Scattering coefficients are dependent

LY Scattering L
™ transform L]




Multidimensional dependency require variable mixing

Tensor fitting Variational Autoencoder

Scattering coefficients are dependent Latent variables are independent

Decoder

Scattering L L]
transform L3 -

L™
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FIRST dataset is a popular radio galaxy benchmark

FRI
e 2158 radio galaxies
o FRI: 495 =i
o FRII: 924
o Compact: 391
o Bent: 348

e 300x300 pixels (greyscale) compact
e No noise or artefacts
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Workflow pipeline for generative modelling

Load labelled
dataset

Convert to 5 Island
greyscale processing




Workflow pipeline for generative modelling

Filtering

Load labelled
dataset

Convert to Island
tg

: Filtering
greyscale processing




Workflow pipeline for generative modelling

Filtering
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Workflow pipeline for generative modelling

Filtering
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Load labelled
dataset

Workflow pipeline for generative modelling

Filtering

Convert to
greyscale

Island
processing
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Workflow pipeline for generative modelling

Filtering

Load labelled Center

dataset crop
Convert to 5 Island

greyscale processing

Filtering

Classical augmentation

Evaluation with Tune . Quarter Horizontal
. Renormalise Shuffle .
five-fold hyperpara- < <€ turn & vertical

A to [0, 1] dataset : ;
cross-validation meters rotation flip




Dual Original

STMLP CNN

Lavg

Ldiff

Models capture general features of FRII| galaxies
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Dual Original

Lavg STMLP CNN

Ldiff

Galaxy10 provides less sparse sources and is easier

STMLP STMLP
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The VAEs capture Galaxy10 peak pixels well

Reconstructions of Galaxy10

lavgSTMLP (n=400, RMAE=1.935)
STMLP (n=400, RMAE=1.950)
IdiffSTMLP (n=400, RMAE=1.879)
Dual (n=400, RMAE=1.854)
CNN (n=400, RMAE=2.000)
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The VAEs capture Galaxy10 peak pixels well

Reconstructions of Galaxy10 Reconstructions of FIRST
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Peak intensity is worse for irregular sources

Compact sources FRIl sources FRI sources
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eak intensity is worse for irregular sources

Compact sources FRIl sources FRI sources
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MSE scales with asymmetr

Asymmetry Score: 0.0002 (Bin 1) Asymmetry Score: 0.0003 (Bin 3) Asymmetry Score: 0.0006 (Bin 5) Asymmetry Score: 0.0010 (Bin 7) Asymmetry Score: 0.0054 (Bin 9)

Reconstructed Image (Bin 1) Reconstructed Image (Bin 3) Reconstructed Image (Bin 5) Reconstructed Image (Bin 7) Reconstructed Image (Bin 9)

Histogram of Asymmetry Scores MSE vs Asymmetry Score for Dual

—— Linear Fit: 0.58x + -0.00
® MSE vs Asymmetry
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Difficult reconstructions are asymmetric, faint and spread
out

Originals

Reconstructions
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Filtering reduces risk of faint constructions

Filtered Not filtered
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Scattering transform saves training time

Model Times

HE Train Scattering Time
Test Scattering Time
Hl Training Time

27



A

Using Dual VAE no classification

1

Model: ProjectModel
Total accuracy: 76.38%
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A

Generated images facilitate classification of FRIl and bent

SOources

True Positive Rate

=1

True Positive Rate

ROC Curve - ProjectModel
24928, Fold 0, Experiment 0

——pFRrl  ROC (area = 0.89)
FRII ROC (area = 0.91)
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——Bent  ROC (area = 0.88)
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Conclusions

VAE-generated images are smooth, faint, but
overall realistic

Classification performance seems to be only
marginally improved by artificial augmentation
More tests with different VAEs and levels of
artificial generation will be made

This method will soon be applied on diffuse
cluster radio emission
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Thank you!
Questions?

Markus Bredberg

markus.bredberg@epfl.ch
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Backup slides



Scattering transforms are iterative wavelet transforms
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Low pass filter for scattering transform

. ) . —+ 00 A :
Littlewood-Paley equality "y [P(2W)]* =1, Yw > 0

Conservation of energy j=—o00

Capture lower frequencies of signal [—2_J7T, 2_J7T]

1/2
With low-pass filter &,w) = ( i 1/3(2%0)2) satisfying / ®;(t)dt = 1

j=J+1

— preserves norm and is therefore invertible
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The scattering transform is an iterative wavelet transform

Wavelet transform WX =X x;,(t)
Scattering transform SX = W|W X

S() — X xO
Sl(jlall) — <X*¢j1,ll‘*@>
S2(J1, 72,11, l2) = (|| X %), 10| % ¥y 15| D)
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Convolutional neural networks encodes features

’ Output layer Fully connected

Image

Convolutional  Pooling layer Convolutional Pooling layver  Convolutional

Pooling layer
Layer Layer Layer
1
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Scattering transform is an iterative wavelet transform

Spp(X) =V 0(X)x oy
= [X*ij, |X*¢j,€ *x P, ||X*¢j,£

X * ¢2
L Y 4 Order O Order 1
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Performance improves with number of scattering
coefficients

o =2"2(1+1+L22)

2

—_— a} =
Optimal parameters
® Tested parameter pairs
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VAEs learns total pixel distribution well for galaxy10
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lavgSTMLP Reconstructed (n=3473408, RMAE=0.039)
CNN Generated (n=16384000, RMAE=0.043)

CNN Reconstructed (n=3473408, RMAE=0.038)
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Real (n=3473408)
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Radial profiles are smoother and steeper than originals
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Load labelled
dataset

Remove
sources with
emission on
future edge

Convert to
greyscale

Island
processing

Remove
noisy and
black images

Remove
spread out
sources

Filtering

Remove very
bright
sources

Filtering was an important part in the generative modelling

Remove
scattered
sources

Remove very
faint sources

Evaluate

Test and validate
model

T

Train model

Tune
hyperpara-
meters

A

Classical augmentation

Renormalise
to [0, 1]

Shuffle
dataset

Quarter

turn
rotation

Horizontal
& vertical

flip

Center
crop




arger maximum scale J leads to fainter generations

Reconstructions of FRII Generations of | FRII
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Larger maximum scale J leads to fainter generations

Reconstructions of FRII Generations of | FRII
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arger maximum scale J leads to fainter generations

Reconstructions of ; FRII
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arger maximum scale J leads to fainter generations
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Edge Pixels

Filtering helps but is difficult

Cut-Flow: Outside Emission Cut-Flow: Intensity Threshold

Outside Emission

o6 04 o6
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Cut-Flow: Peak Intensity Cut-Flow: Emission Regions
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Thresholds and filtering
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Non-filtered vs filtered
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—— IdiffSTMLP (n=107479040, RMAE=0.244)

Frequency

—— Real (n=21495808)
CNN (n=81920000, RMAE=0.467)

= lavgSTMLP (n=81920000, RMAE=0.433)
STMLP (n=81920000, RMAE=0.467)

—— IdiffSTMLP (n=81920000, RMAE=0.454)
Dual (n=81920000, RMAE=0.431)

Frequency

Intensity sum

Reconstructions of 11 coded 22128

04 0.
Intensity sum

— Real (n=43253760)

Dual (n=216268800, RMAE=0.287)

CNN (n=216268800, RMAE=0.272)

STMLP (n=216268800, RMAE=0.349)
—— lavgSTMLP (n=216268800, RMAE=0.371)
—— IdiffSTMLP (n=216268800, RMAE=0.368)

(Real - Gen)
“Real+Gen |

2x

04 06
Total Intensity

0.4 0.6
Total Intensity

0.4 0.6
Intensity sum

Frequency

(Real - Gen)
Real+ Gen

2x

Reconstructions of 11 coded 22128

— Real (n=43253760)

Dual (n=216268800, RMAE=0.287)

CNN (n=216268800, RMAE=0.272)

STMLP (n=216268800, RMAE=0.349)
—— lavgSTMLP (n=216268800, RMAE=0.371)
—— IdiffSTMLP (n=216268800, RMAE=0.368)

0.4 0.6
Intensity sum




Reconstructed FRII sources

Filtered Not filtered
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Generated FRIIl sources

Filtered Not filtered
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Generated FRIIl sources
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