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Why Galaxy Morphology Important?





Astronomy in the Era of Big Data

Challenges
&

Opportunities



CSST is a 2-meter Space Telescope, will orbit at LEO with the China 

Space Station and operate an NUV-optical (ugrizy) Survey, a larger 
version of Euclid with ugriz bands. To be Launched in 202*.

The China Survey Space Telescope (CSST)

Credits：CSST Education and Public Outreach Group



Sky Survey Projects Data Volume

SDSS (The Sloan Digital Sky Survey) ~ 40 TB, > 3 m objs

Euclid (The Euclid dark Universe mission) ~ 50 PB expected

CSST (The China Survey Space Telescope) ~ 60 PB expected

LSST (The Legacy Survey of Space and Time) ~ 200 PB expected

SKA (The Square Kilometer Array) ~ 4.6 EB expected

SDSS Euclid LSST SKACSST

Astronomy in the Era of Big Data Zhang & Zhao 2015



Billions of galaxies in the 
upcoming large scale surveys !!!



1. Classifying Galaxies with Supervised Learning

Lanusse, Ma, NL et al. 2018 Cheng, ..., NL et al. 2020



2. Classifying Galaxies with Unsupervised Learning

Han Yang's Paper

Han, Zou, NL* et al. 2022Cheng, NL et al. 2020



3. Classifying Galaxies with Few-shot Learning

Zhou, Zou, NL* et al. 2022



4. Classifying Galaxies with Contrastive Learning

Wei, ..., NL et al. 2022

Hot pixels in the feature map



Classifying Galaxies without Training Sets?
Foundation Vision Model
 + Galaxy Classification
 + Human-in-the-loop

100m Galaxies
100m Parameters

Fu, ..., NL* et al. 2024, arXiv:2405.10890 



Classifying Galaxies with HITL: User Interface

click to
choose

train to 
recommend

Fu, ..., NL* et al. 2024, arXiv:2405.10890 



Classifying Galaxies with HITL: Examples

Basic Task 

Spirals 
VS

 Ellipticals

Advanced 
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Fu, ..., NL* et al. 2024, arXiv:2405.10890 



Beyond Galaxy Morphology Classification
1. Simulation 2. Detection 3. Classification

4. Modeling 5. Decomposition



Foundation Vision Model
 + Galaxy Classification
 + Human-in-the-loop

100m Galaxies
100m Parameters

A Versatile Framework for Galaxy Vision Tasks

Fu, ..., NL* et al. 2024, arXiv:2405.10890 



Foundation Vision Model
 + Downstream Tasks
 + Human-in-the-loop

100m Galaxies
100m Parameters

A Versatile Framework for Galaxy Vision Tasks

Fu, ..., NL* et al. 2024, arXiv:2405.10890 



FVM+DST+HITL: Image Reconstruction

Fu, ..., NL* et al. 2024, arXiv:2405.10890 



FVM+DST+HITL: PSF Deconvolution
Original Blurred Deconvolved Residual

Fu, ..., NL* et al. 2024, arXiv:2405.10890 



FVM+DST+HITL: Object Detection (Strong Lenses)

Li, ..., NL* et al. 2024, arXiv:2404.01780

DESI Legacy Sruveys Euclid

CSST Simulations

TH = 0.5 TH = 0.9



Is It Possible to Compose Papers with AI?

NL and ChatGPT*, 2023/04/01, Rejected by ArXiv 



Take Home Points

Galaxy Morphology Classification
in the Era of Big Data  
 Machine Learning
 Human-machine Cross-check
 Human-machine Cooperation

One Model to Handle Them All
 An AI Model for Galaxy Vision Tasks
 An AI System for Astronomy
 An AI Toolkit for Astronomers


