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Problem: Blending

Confusion effect’ — Projection of photons to 2D plane with the same line of sight.




Motivation

Credits: ESA

Why is flux measurement
important?
f — SED fitting —Distance — z — Mass

Why the need for light profile?
Priors for template fitting codes (TPHOT?)

Why we cares about de-blending?

The upcoming deep extragalactic surveys like LSST and
EUCLID expect to see a blending fraction of up to 50%
in the densest regions?.



Standard method: SExtractor*

SExtractor

Threshold method that simply assigns each pixel
to a single object.




Auto-Encoders

Variational AE

Encoder: dimensionality reduction
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Latent space: low-dimension
encoding of features “bottleneck”
Decoder: reconstruction



VAEs for De-blending

L

Single galaxies;
Learns to
reconstruct
galaxies

I - Isolated Galaxies

II - Blended Galaxies

z(y,0)

z(y,0)

Blended galaxies;
Learns to map
central galaxy to
Z(u,0) s.t.
reconstruction ~
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Analytic Simulations - Dataset

EGG is a code that can generate mock galaxy catalogs
with realistic positions, morphologies and fluxes from
the far-ultraviolet to the far-infrared.

Catalog Generation

% EUCLID VIS Band

Masking ~250,000

Galaxies!

% 23.0 < Magnitude < 25.0
% 0.01 < Bulge Radius < 0.03
% 0.05 < Disk Radius < 0.35

Stamps are created using GalSim, an image
simulation toolkit.



Realistic Simulations - Dataset

EUCLID MORPHOLOGY CHALLENGE

M. Castellano, M. Huertas-Company, E. Merlin, D. Tuccillo, H. Bretonniere

Rad: 0.21 Rad: 0.28 Rad: 0.30 Rad: 0.35 Rad: 0.35
e 5 fields at 0.1 arcsec/pixel scale,

corresponding to a FoV of ~0.5 sq.

degreeS Containing ~71000 ObjeCtS per Rad: 0.36 Rad: 0.36 Rad: 0.49 Rad: 0.51 Rad: 0.64

field (after mag, radius masks) . .

e Realistic morphologies
o Galaxies simulated using a

Variational Auto-Encoder (VAE) Mag: 23.41 Mag: 23.93  Mag: 24.07 Mag: 24.39 Mag: 24.40
trained on the COSMOS field.
o + Normalizing Flows trained on
Latent space of VAE (Input; 1-comp
Sersic model)
e} The galaxies are COﬂVOlved Wlth the Mag: 24.41 Mag: 24.42 Mag: 24.83 Mag: 24.87 Mag: 24.99

Euclid PSF (Point spread function)




[solated & Blended
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VAEs for De-blending

7~ z(u,0)
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5 Blnded galaxies;
= arns to map
2 entral galaxy to
\L- - z(p,0) s.t.
reconstruction ~
Single galaxies; isolated
Learns to 2(110) J
reconstruct A

galaxies that look
like your training
data

II - Blended Galaxies




VAE P\eSUItS: I - ISOlated GalaXiGS (Light Profile Reconstruction)
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VAE Results: I - Isolated Galaxies ¢y

Flux estimates; The ¢ of predicted fluxes on the test images is ~16% from the true value.

I/O Flux: X x;, x; = pixel value Errors; M: 3.88e-02, u: 6.11e-02, 0: 1.62e-01
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SExtractor Results: Isolated Galaxies ¢y

Flux estimates; The ¢ of predicted fluxes on the test images is ~18% from the true value.

- I/O Flux: > x;, x; = pixel value Errors; M: 1.16e-01, u: 1.70e-01, o: 1.82e-01
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SExtractor Results: Isolated Galaxies ¢y

Flux estimates; The ¢ of predicted fluxes on the test images is ~16% from the true value.

- I/O Flux: > x;, x; = pixel value Errors; M: 1.14e-01, u: 1.59e-01, o0: 1.60e-01
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SExtractor Results: Isolated Galaxies whats going wrong?)

=1, 50% < SExtractor error < 75%

objects

Test Prediction Error

.

Aperture

Input

0.020
0.015
0.010
0.005
0.000
-0.005

-0.010

Image Segmentation

Catalog Flux: 0.3772347390081451

Catalog Magnitude: 24 95847080133694
Catalog Radius: 0.4271872540595291"

VAE Flux: 0.2811720371246338

VAE Flux Error: 25.464967021883197

VAE Magnitude: 25.2775697350502

VAE Magnitude Error; -1.2785195705826933
SExtractor Flux: 0.14362982662968463
SExtractor Flux Error:61.92560976559918
SExtractor Magnitude: 26.006888409363718

SExtractor Magnitude Error--4.200648414608069

Errors peak Norm %

o



SExtractor Results: Isolated Galaxies whats going wrong?)

pu— Ju— O
objcets — 0+ SEXtractor error =100 %

Test Prediction

0.010
0.005
0.000
-0.005
-0.010

Aperture

Input

Segmentation

Catalog Flux: 0.4085390524985535
Catalog Magnitude: 24 871916056678494
Catalog Radius: 0.4750662090258372"

VAE Flux: 0.24567029218673706
VAE Flux Error: 39.81718744314961
VAE Magnitude: 25.423234844207762

SExtractor Flux: 0.0

SExtractor Flux Error:100.0
SExtractor Magnitude: None
SExtractor Magnitude Error-None

VAE Magnitude Error: -2.2166317475216433

Errors peak Norm %

e



SExtractor Results: Isolated Galaxies whats going wrong?)

= 20rmore

objects

Input Test Prediction

Image Segmentation Aperture

-

Error Errors peak Norm %
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Catalog Flux: 0.6503952757165047
Catalog Magnitude: 24 367056554980635
Catalog Radius: 0.5889450763676911"

VAE Flux: 0.5744909048080444

VAE Flux Error: 11.670498501828844

VAE Magnitude: 24 501792149245738

VAE Magnitude Error: -0.5529416077033812

SExtractor Flux: 0.5268350195786823

SExtractor Flux Error:18.997717349915074
SExtractor Magnitude: 24 59581341122945
SExtractor Magnitude Error:-0.9387956059963948



SExtractor Results: Isolated Galaxies

Better than

Prediction

Image Segmentation Aperture

Errors peak Norm %

0.08

0.06 '-
"

004
0.02

0.00

Catalog Flux: 1.3024859656078296
Catalog Magnitude: 23 61306736890394
Catalog Radius: 0.38867048500810936"

VAE Flux: 1.2380967140197754

VAE Flux Error: 4.9435658646813705

VAE Magnitude: 23.668113568425177

VAE Magnitude Error: -0.23311753048113634

SExtractor Flux: 1.2812149198715665

SExtractor Flux Error:1.6331113192714137
SExtractor Magnitude: 23.630945031443883
SExtractor Magnitude Error--0.07571088609811277
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VAE v/s SExtractor

(Test - VAE)/Test Flux

08
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0.0 4

Test

~15,000

- ol VAE Outperforms SExtractor in ~80% of the cases;

Errors; M: 3.88e-02, u: 6.11e-02, 0: 1.62e-01
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VAEs for De-blending
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VAE P\eSUItS: II - Blended GalaXiGS (Light Profile Reconstruction)
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VAE Results: II - Blended Galaxies @y

Flux estimates; The ¢ of predicted fluxes of central galaxies on the test images is ~20% from
the true value.

I/O Flux: X x;, x; = pixel value
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SExtractor Results: Blended Galaxies @y

Flux estimates; The ¢ of predicted fluxes of central galaxies on the test images is ~94% from
the true value.

I/O Flux: Zx,. x; = pixel value Errors; M: -3.02e-01, u: -6.27e-01, 0: 9.43e-01
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SExtractor Results: Blended Galaxies @y

Flux estimates; The ¢ of predicted fluxes of central galaxies on the test images is ~31% from
the true value.

1/O Flux: Zx,-. x; = pixel value Errors; M: -3.04e-02, u: -6.00e-02, 0: 3.18e-01
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Complexity of Blending

BM_1 — Blended/Centre galaxy
area

The smaller BM_1 is the less blending has occured

FR — Flux ratio of
Centre/Companion

The closer FR is to 1, the more important it
becomes to de-blend..

BM_1—

FR —



Complexity of Blending : VAE v/s SExtractor
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Other things:

% Hyper-parameter tuning; Eg. Optimizing size of latent space, no of layers,
loss ratios (reconstruction loss, kl divergence loss)

% Learning Rate Schedulers, Augmentation (Flips,Rotations, etc.)

% Custom losses for higher reconstruction accuracy; Eg. reconstruction loss
with higher weight in the centre of the stamps

% Pipeline for De-blending EUCLID images - Train on isolated galaxies,
deblend others

Thanks for listening!
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Analytic Simulations - Dataset

150,000 Galaxies

IT - Blended Galaxies

100,000 Galaxies

I - Isolated
Galaxies

50,000 Galaxies (Y)

50,000 Galaxies (X)

+Noise
I - Isolated Galaxies
Pick Galaxies Dataset
Aand B
y II - Blended Galaxies
Place A in the centre Dataset
and randomly B in
annulus (r, o, = 0.2, 100,000 Galaxies
router =0.4 ) centred Pairs (X)
around A. Add the o
overlapping pixel ® ;
values. Repeat with = 1006000 G?I$X|es
B in centre. + entral (Y)
|




[solated Galaxies: Training

Total loss; recon + ki div

1072

1073 5

107% 1

1072 5

Loss curve; The total loss is the sum of
the reconstruction loss (for reproducing
images accurately) and kl divergence

loss (for ensuring latent space
distribution has good properties).
—— loss
— wval_loss
0 20 4 60 8 100 120 140
Epochs

LS dim 2

20 1

Visualization of Latent Space; TSNE is
used to visualize the 100-dimensional
latent space in 2-dimensions. These
dimensions can be thought of as hidden
features that the network has learned.

=20 0 20 40
LS dim 1

-40

L.J.P. van der Maaten and G.E. Hinton. Visualizing
High-Dimensional Data Using t-SNE.




[solated Galaxies: Results
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[solated Galaxies: Results

Flux estimates; The predicted fluxes on the test images is within 10% for most galaxies.

Flux: Zx;. x; = pixel value 0 median error -1.05e-04, mean error 2.43e-03, std error 6.49e-02
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Blended Galaxies: Training

=
N
»

Total loss; recon + kl div

10-5 B

Loss curve; The total loss is the sum of
the reconstruction loss (for reproducing
images accurately) and kl divergence
loss (for ensuring latent space
distribution has good properties).

—— loss
— val_loss

0 20 40 60 80 100

LS dim 2

20

_20 4

—40

Visualization of Latent Space; TSNE is
used to visualize the 100-dimensional
latent space in 2-dimensions. These
dimensions can be thought of as hidden
features that the network has learned.




Blended Galaxies: Results

Cosine distance
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Blended Galaxies: Results

VAE flux

2.5 1

2.0 1

15 4

10 4

0.5 1

Flux estimates; The predicted fluxes on the test images is within 15% for most galaxies.

Flux: 2 x;, x; = pixel value

050 075 100 125 150 175 200 225
Test image flux

(Test - VAE)/Test image flux

median error 3.29e-04, mean error -6.46e-04, std error 8.58e-02‘
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Examples of Deblending

Input central galaxy
After blending

Output central galaxy
Before blending

Prediction by VAE
Central galaxy recon.

Error
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Realistic images - Dataset (Augmentation)

Rotation, Horizontal & Vertical Flips (Each with p = 0.5). Rate = 100%

Original Augmented Original Augmented

Original Augmented Original Augmented




