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While there have been a large number of advances for rapid data acquisition in electron microscopy, gaining
meaningful insights from this data remains challenging. This is often due to the challenges in creating a robust
way to analyze the large amount of data generated. Manually labeling large datasets is often too time
consuming, while automated techniques are more error-prone. However, recent advances in the machine
learning community have focused on how to develop accurate classifiers from datasets with erroneous labels
like those generated by automated techniques, yielding neural networks which are able to accurately analyze
the data without the time investment from researchers [1-7]. Here, we analyze two approaches to outperforming
accuracy limits imposed by label noise: noise robust techniques, which are immune to erroneous labels, and
noise cleaning techniques, network training procedures which work to remove erroneous examples.

The case we use to test these methods is classifying handedness of chiral nanoparticles from scanning electron
microscopy (SEM) data [8]. This dataset provides a good test case in which data labeling can be easily
automated but is likely to have a certain fraction of erroneous labels. Synthesis routes for chiral particles often
lead to skew in the population to one handedness or the other, to create labels we can assume all one handedness
and mirror the images to create the opposite handedness. To control for the error rate we use a set of single
handed nanoparticles and synthetically introduce error, as shown in Figure 1. In this way we create an electron
microscopy dataset with controlled error rates to test how methods respond across varying error rates.

Using this dataset, we study which methods yield the best performance. We will first analyze the basic noise
robustness of convolutional neural networks (CNNSs) [2] to the binary label flip noise and the limits of relying
on this robustness for network development. We will then discuss a two step training procedure in which we
train basic CNNSs initially with an extremely small clean dataset [7], before introducing noise, leading to a
more noise robust network. Finally, we test a co-teaching method, developed by Han et al [5], which uses two
networks trained in tandem to try and filter erroneous labels while training. We find that the two step training
procedure leads to the highest accuracy networks and is robust to noise at higher error rates than other methods.
Finally, we demonstrate these methods as part of a complete analysis pipeline, automating particle
segmentation and handedness classification for large SEM datasets of chiral Te nanoparticles.
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Figure 1. Process for noisy dataset creation.
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Figure 2. Average accuracy of each network type on predicting the ground truth handedness given clean
validation data
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