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Electron microscopy (EM) is only a decade away from reaching its centennial birthday and, during its
maturation, has become the de facto method for evaluating materials evolution for a range of environments.
The look, feel, and operation of electron microscopes have changed significantly since the birth of the field,
but the way we analyze the images generated from EM has only come from one generational leap — digitization.
Digitization has eliminated the bottleneck associated with the critical activity of generating, organizing, and
storing electron images, but one still remains after nearly ninety years: identification, classification, and
quantification of the features present in an analog or digital EM image. The EM community has identified this
issue and is now leveraging modern, automated feature detection algorithms, such as those built on large, deep
convolution neural networks (CNNs) [1-9]. The use of CNNs may provide for a second generational leap —
automation. Ultimately, issues have arisen limiting the community's ability to arrive at this leap. The first issue
is the lack of substantial, unbiased ground truth labeled images for training CNNs, a second is developing and
vetting CNNs for real-time detection, and a third issue is deploying the trained CNNs at the point-of-acquisition
in an easy to use and consumable digital format.

Here, we demonstrate on-going pursuits toward providing automation in electron microscopy images using
CNNs. The first pursuit is the application of a lightweight, reduced ordered transmission electron microscopy
image simulation method to generate large amounts of "synthetic* data for training common CNN
architectures. Specifically, we have developed a Python-based image generation algorithm that uses simplified
phase-contrast models to simulate features of interest in either an under- or over-focused bright field
Transmission Electron Microscopy (BF-TEM) condition. The output of this physics-based simulation is then
integrated with experimentally obtained background images to create novel "synthetic" images with
automatically labeled (via both bounding box and pixel segmentation) features. Figure 1 shows the developed
method's output where cavities (e.g., open volume in the microstructure — spherical in nature due to energy
minimization) generated under neutron irradiation in a 316 stainless steel are imaged in BF-TEM conditions.
Note, for the example provided in Figure 1a, 30% of the cavities in the image are simulated while the remaining
fraction is original to the background image. We will show that our developed method enables rapid generation
of unbiased ground truth labeled images that can serve as surrogate and/or supplemental data for the training
and evaluation of CNN-based automated feature detection algorithms.

The second is the exploration of using and deploying CNNs, specifically the You Only Look Once (YOLO)
real-time object detection algorithm [10], to perform real-time inference during in-situ microscopy
experiments. Specifically, we focus on detecting small defect clusters and dislocation loops generated from an
in-situ TEM ion irradiation experiment. In this configuration, an electron transparent specimen is observed via
TEM with the electron beam ~90° to the specimens. Also, an ion beam, or multiple ion beams, is brought at
an acute angle to the specimen to create displacements and damage, leading to the nucleation and growth of
the defect clusters. Recent advancements using the YOLO algorithm have shown human-like performance
levels (e.g., F1 scores >0.80) in characterizing these induced in-situ experiments — an example of the output
for a single frame of an in-situ video is shown in Figure 1b. The values of such a method are readily observed,
as in post-analysis, dynamic events such as nucleation, growth, and coalescence can be mapped both
temporally (or via irradiation dose) and spatially. We will show the temporal and spatial mapping for a variety
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of in-situ experiments as well as highlight on-going developments to deploy the YOLO-based method for real-
time detection at the point-of-acquisition.

(a)

Figure 1. (a) BF-TEM image where 30% of cavities
using a simplified phase contrast method. (b) BF-TEM image showing bounding box detection (blue contrast)
using YOLO v1.3 on defect clusters (black contrast) generated via in-situ ion irradiation.
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