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The 21-cm signal will probe the intergalactic medium
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Evolution of the signal is driven by early luminous sources



Ionized regions are imprinted onto the 21-cm signal
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Simulated SKA-Low image

Instrumental effects using Tools21cm  (Giri+2018b; Giri+2020)
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How do we study ionized regions in SKA images?

(Lahav 2023)
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  Big Data!



Methods to automatically identify meaningful features

● Superpixel method
Image processing (Giri+2018b)

● SegU-Net
Deep learning (Bianco, Giri+2021;2024)

(Lahav 2023)
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SegU-Net: deep learning segmentation model

(Bianco,Giri+2021;2024) 8



SegU-Net identifying ionized regions

9(Bianco,Giri+2021;2024)



Estimate the mean neutral fraction

(Bianco,Giri+2021) 10



Estimate number of galaxies inside ionized regions

Volume of ionized regions [Mpc3]
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(Bianco,Giri+2024)

(Zackrisson,…,Giri+2020)
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21-cm signal contaminated with Foreground

12(Bianco,Giri+2021;2024)
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Astrophysicist

Data Scientists
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SERENet foreground mitigation pipeline

(Bianco,Giri+in prep) 15



SERENet: Pre-processing with PCA

(Bianco,Giri+in prep) 16



SERENet framework

(Bianco,Giri+in prep) 17



SERENet recovering the 21-cm image

18(Bianco,Giri+in prep)



SERENet: binary maps of ionized regions as prior

19(Bianco,Giri+in prep)



SERENet recovering the 21-cm image with prior

20(Bianco,Giri+in prep)



No prior vs Perfect prior

21(Bianco,Giri+in prep)



SERENet: realistic prior with SegU-Net

(Bianco,Giri+in prep) 22
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SERENet recovering the 21-cm image with prior

23(Bianco,Giri+in prep)



R2-score of the entire testing set

24(Bianco,Giri+in prep)



SERENet recovering the 21-cm power spectrum

25(Bianco,Giri+in prep)
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Summary
● Data science methods will maximise the scientific outcomes of the huge amount of 

data that SKA will produce
● SegU-Net: deep learning-based framework to probe ionization state of the 

intergalactic medium
● SERENet: deep learning-based to mitigate foreground contamination in the 21-cm 

signal during the epoch of reionization


