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We study the problem of image classification, which is the task of assigning a label to an 

image. For example, an image classification task may be to recognize different species of cats. 

While this task may seem trivially easy to humans, it has historically been considerably more 

difficult for machines. Recently, Convolutional Neural Networks (CNNs) have been shown to 

perform remarkably well on image classification tasks. Unlike previous methods which involve 

hand-crafted image filters that scan for specific features in an image (such as specific textures 

or shapes), CNNs aim to directly learn image filters as part of an optimization problem. 

Unfortunately, this method requires a large amount of data in order to work, which makes the 

method infeasible for problems in which data collection is difficult or expensive. For example, in 

materials science, microscopy images are used to identify patterns and features of materials. 

While automation of image analysis would be useful for understanding new materials, collecting 

the microscopy image training data for this task is prohibitively expensive. 

The primary way in which this project aims to improve data efficiency is through the use 

of the scattering transform, which is a mathematically defined method that extracts features that 

are similar to the features that CNN filters obtain. The goal is to improve the scattering transform 

to the point at which it can emulate a CNN, without using a lot of training data or computational 

power. We have already found that the scattering transform can help CNNs train faster and with 

more data efficiency on one standard image dataset. Furthermore, we have also found that with 

preset filters, CNNs train even faster, meaning that it needs far less data and computational 

power to train. With this information, we hope to find the best set of defined filters in order to 

allow for faster training of a generic CNN on any image task.  

We hope to first apply this method to a materials science dataset of microscopic images 

of numerous materials in order to automatically discover certain features of new materials, in 

collaboration with the lab of Gang-Yu Liu at UCSD. Additionally, we also plan to use this method 

to analyze neuronal data (from the brain) in order to understand how biological brains process 

images. Overall, making CNNs more accessible to less data-heavy domains may be able to 

drive progress in multiple fields since it will allow for easier automatic image analysis. Hopefully, 

our method can also lead to a more rigorous and interpretable understanding of how CNNs 

work so that researchers can understand their limitations and how to improve them.  


