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The DeepLense Project

● DeepLense is a deep learning pipeline for particle dark matter searches with strong 

gravitational lensing.  

● Specifically, my project is an extension of the work published in the paper [1] titled "Deep 

Learning the Morphology of Dark Matter Substructure,"  in which my mentors have 

explored the use of state-of-the-art supervised deep learning models such as ResNet for 

the multiclass classification of strong lensing images. 

● The primary aim of this project is to design a python-based framework for implementing 

unsupervised deep learning architectures to study strong lensing images.

[1] Alexander, S., Gleyzer, S., McDonough, E., Toomey, M. W., & Usai, E. 2020, Astrophys. J., 893, 

15, doi: 10.3847/1538-4357/ab7925



Data

● The Dataset consists of three classes, strong 
lensing images with no substructure, vortex 
substructure, and spherical substructure. 

● Considering the samples with substructure to 
be outliers, I have trained the unsupervised 
models on a set of strong lensing images with 
no substructure to solve the task of anomaly 
detection. 

● We have generated two sets of lensing 
images, Model A and Model B using the 
python package PyAutoLens. 

● The main difference between the two models 
is the redshifts of the galaxies and SNR.



Unsupervised Models

● I have implemented four different unsupervised models, namely
○ Adversarial Autoencoder (AAE)
○ Convolutional Variational Autoencoder (VAE)
○ Deep Convolutional Autoencoder (DCAE)
○ Restricted Boltzmann Machine (RBM)

● I have used 25,000 samples with no substructure and 2,500 validation samples per class 

for training and evaluating the unsupervised models. 

● The models are implemented using the PyTorch package and are run on a single NVIDIA 

Tesla K80 GPU for 500 epochs.

● I have calculated the ROC curve (AUC) as a metric for classifier performance for all the 

models and the Wasserstein distance value to compare the fidelity of reconstructions.

● The ROC values are calculated for a set threshold of the reconstruction loss



Results

ROC-AUC curve for unsupervised algorithms. Plots on left correspond to Model A, 
plots on the right correspond to Model B

AUC values for ResNet are calculated for classification between images with and 
without substructure - thus it is not a macro-averaged AUC. W₁ is the average 1st 

Wasserstein distance for images without substructure



Links

● Paper

https://arxiv.org/abs/2008.12731

● Repositories

https://github.com/DeepLense-Unsupervised/PyLensing

https://github.com/DeepLense-Unsupervised/unsupervised-lensing

I have compiled my work into two open-source repositories. The first one titled “PyLensing” is a tool for 
generating lensing images based on PyAutoLens simulations and the second one titled “Unsupervised 
Lensing” is a PyTorch-based tool for Unsupervised Deep Learning applications in strong lensing 
cosmology.

https://arxiv.org/abs/2008.12731
https://github.com/DeepLense-Unsupervised/PyLensing
https://github.com/DeepLense-Unsupervised/unsupervised-lensing


Thank You!


