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Analyzing Hundreds 
of Strong Lenses from 
Millions of Objects

How to identify and model tens of thousands of strong lenses from 
tens of billions of astronomical objects in the big data era ???

“Looking for needles in a haystack.”

How to identify and model tens of thousands of strong lenses from 
tens of billions of astronomical objects in the big data era ? ? ?







How to identify and model tens of thousands of strong lenses 
in the ear of LSST, Euclid and CSST ? ? ?
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Simulations of Gravitational Lenses (PICS)

Li et al. 2016
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Li et al. 2016, 2019

CSST

CSST Magellan LSST
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Identifying Strong Lenses with Deep Learning

Trained 
Classifier

Lanusse, Ma, Li et al. 2017
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Lens Finding Challenge

- Open Source on GitHub, both data and codes
- The Rank of the lens finding Challenge

Metcalf et al. 2019

Human Inspection 89%

CMUDeepLens 98%

Traditional Methods 83%



CMUDeepLens is used to search strong Lenses in DESI 
Legacy Imaging Surveys, found > 3000 high-quality 

candidates,  ~ 10 X Current Strong Lens Sample 

Huang et al. 2020, 2021, Storfer et al. 2022
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Modeling Strong Lenses with CNN

1 system
/person
/week

Pearson, Li et al. 2019

Traditional MCMC：

CNN-based Method：

Maresca, Dye, Li 2021

10^6 Faster、Fully Automatic

Slow、Low Automatization
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End Tool for 

Analyzing 
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Strong 
Lenses

Deblend

Denoise

Images

Madireddy et al. submitted 
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The CSST-SLWG is intensely 
forging this pipeline for CSST 

at the Moment.
Welcome to join us!



Summary

Gravitational lensing is useful, but lens-finding and 
modeling is challenging in the Big Data Era.

Deep learning works better than traditional methods 
and human-inspection in the detection of SGLs.

Deep learning also can implement strong-lens-modeling 
efficiently and automatically. 

An End2End Strong lensing Pipeline for LSST is ready. 
The CSST-SLWG is intensely forging it for CSST.



Fitting Modeling

Detecting Predicting



Backup Slides



Learning Pairwise 
Similarity Scores

Few-shots Learning and Siamese Network 



Encoder-Decoder and Attention Model

Mapping X to Y 
with Weights

Attention Model



Semi-supervised Learning

DOI: 10.1109/JPROC.2015.2404941

• A model is first trained on the few available labelled training data. 

• The model is then used to classify and label the many unlabeled data available. 

• The newly labelled data are combined with the originally available labelled ones to 
retrain the model with many more data, and thus hopefully to obtain a better model. 

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1109%2FJPROC.2015.2404941?_sg%5B0%5D=xo2mGPciVByhZAB1RbJD8cYvF91XbMGa1DX-K2owmk35jCnnutPNncwOZrm46c8feGesFHAMS8ARjR6sKb3hFwbFIw.v1XBke4hjkxBlchIPm3YRTE0HjAlhGCBmDpiTze_V5GcqtSpQ59s9cUVqEUg-DWJDrcy7ycDugNrqB6wDVYRtA


Unsupervised Deep Contrastive Learning


