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Problem formulation



Problem

Research
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Real and generated galaxies
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Real and generated galaxies
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Dataset



Galaxy-Zoo dataset

RGB images

more than 60’000 images

424x424 pixels each

37 crowdsourced label score for

each image

e each label reflects the distribution
of answers given by participants

e |abels are hierarchical

64 images from Galaxy Zoo dataset*
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*kaggle.com/c/galaxy-zoo-the-galaxy-challenge



https://www.kaggle.com/c/galaxy-zoo-the-galaxy-challenge

Galaxy Zoo dataset: questions

Is the galaxy simply smooth and rounded,
with no sign of a disk?

Could this be a disk viewed edge-on?

Does the galaxy have a bulge at its centre? the centre of the galaxy?

1f so, what shape? =
—r— -
S

How tightly wound do the spiral arms appear? 4=
Is the odd feature a ring, or is the @ 6 6
galaxy disturbed or irregular? -
¥
/O How many spir.x arms are there? How prominent is the central bulge,
compared to the rest of the galaxy?

Is there any sign of a spiral
arm pattern?
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Galaxy Zoo dataset: label distribution

o

Q1: Smooth or disk? total: 61578 Q2: Edge-on? total: 33391
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Q7: How round? total: 26634 Q9: Bulge shape? total: 6552 Q3: Bar feature? total: 26839
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Q6: Anything odd? total: 61578 Q10: Tight arms? total: 13278 Q4: Spiral arms? total: 26839
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Q8: Which odd feature? total: 14274 Q11: How many arms? total: 13278 Q5: Prominent Bulge? total: 26839
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InfoSCC-GAN



InfoSCC-GAN
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https://arxiv.org/abs/2112.09653

SimCLR encoder
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https://arxiv.org/abs/2002.05709

SImMCLR
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SImCLR augmentations

Augmentations for galaxies:

random affine transform:
o flipping

o translation

o rotation

color jitter

Gaussian blur

Original

Augmented
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Latent embeddings

Smooth, disk or artifact/star (H)
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Latent embeddings

Barred, not barred (H)
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Latent embeddings

ulge: no bulge, noticeable bulge, obvious bulge, dominant bulge3 gH) Anything odd: odd, not odd (H) -
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Latent embeddings

Roundness: completely round, elliptic, cigar-shaped (H)
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Latent embeddings

Bulge shape: rounded, boxy, no bulge (H) Tightness of spiral arms: tight, medium, loose (H)
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Latent embeddings

Number of spiral arms: 1, 2, 3, 4, 5, 5+, can't tell (H)
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Classifier
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Generator

Discriminator
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EigenGAN
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Ablations



Global discriminator
Loss FID
Hinge loss 173.3
Non-saturating loss | 115.6

Least-squared loss | 117.5

Ablations

Patch discriminator
Loss FID
Hinge loss 117.5
Non-saturating loss | 75.25

Least-squared loss | 60.96
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Global discriminator. Hinge loss

FID: 173.3 s




Global discriminator. Non-saturating loss
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Patch discriminator. Hinge loss

.

FID: 117.5 roas




Patch discriminator. Non-saturating loss

FID: 75.25 .




Patch discriminator. Least-squared loss
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FID: 60.96
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Demo



https://huggingface.co/spaces/vitaliykinakh/Galaxy_Zoo_Generation

Conclusions

SimCLR-based encoder produces interpretable latent space

Embeddings from SimCLR encoder are suitable for classification of galaxies
InfoSCC-GAN is capable of generating Galaxy Zoo images

InfoSCC-GAN even generates rare galaxies, that are underrepresented in the dataset
Eigen-GAN generator allows for the controllable generation in unsupervised way

Find our work online
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Interactive demo
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Find our work online




