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Cryogenic Transmission Electron Microscopy (Cryo-TEM) is a vital tool for many chemists, material 

scientists, and structural biologists. Regardless of the use case, the first step in Cryo-TEM analysis is 

image segmentation and particle picking
1
. The current method most widely used by researchers is manual 

segmentation. The goal during the process is to maximize the number of particles identified in a given 

image, while minimizing incorrect particles picked and the time spent by researchers manually picking 

those particles. 

Image segmentation takes valuable time away from researchers which could be spent in more productive 

ways. In addition, it increases the risk of human bias added to the sample of particles collected. For 

example, one of the most challenging aspects of image segmentation is the often low contrast between the 

particle and the amorphous ice background, making the particles hard to distinguish by eye. Additionally, 

researchers may unknowingly preferentially select particles with a size or shape which fits their current 

hypothesis. Leading to a bias in the size and topology distribution. With increasing use of Cryo-TEM 

techniques including high throughput and automated experiments, more robust and consistent analysis 

techniques are needed for ease of production and comparison of results. 

By utilizing the EMPIAR
2
 database, convolutional neural networks and various statistical learning 

methods, we will show the development of a new algorithm to segment Cryo-TEM images. The algorithm 

will use various image segmentation
3,4

 techniques and not just simple hierarchical neural networks, 

promising much faster training and more accurate predictions. This work builds on previous work done 

by Groschner, et.al., who used a U-Net architecture, and other advanced segmentation techniques
5
. The 

EMPIAR database contains a large set of Cryo-TEM images with labeled particles, providing a great 

training and validation dataset. And despite the bias in the available data with all the particles being only 

biological samples, we will present a robust enough algorithm which generalizes with ease. Because rather 

than training the algorithm to recognize particles, the main focus is to recognize the amorphous ice layer. 

This provides a universal attribute that all Cryo-TEM images have regardless of the specimen. Making 

the algorithm of wide applicability to chemists, material scientists, and structural biologists among many 

others. This new algorithm hopes to provide a new exciting tool for researchers to help accelerate and 

standardize data generation and processing. 
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