
High Speed Analytical Electron Microscopy with Machine Learning and Dynamic 

Sampling 
 

Karl A. Hujsak1, Eric Roth2, and Vinayak P. Dravid1,2  

 
1. Department of Materials Science & Engineering, Northwestern University, Evanston, Illinois 60208-

3108 
2. Electron Probe Instrumentation Center (EPIC) Facility, NUANCE Center, Northwestern University, 

Evanston, Illinois 60208-3108 

 

Newer generations of electron microscopes have dramatically increased spatial resolution and analytical 

sensitivity by focusing ever higher electron currents into smaller and smaller volumes. Atomic resolution 

imaging and atom-by-atom elemental mapping with Electron Energy Loss Spectroscopy (EELS) and 

Energy Dispersive X-ray Spectrometry (EDS) are being commonly reported for a wide variety of 

materials [1]. Commercially available MEMS-based sample holders, which can encapsulate the sample 

in a small volume of controllable fluid or gas, have also become widely available for most microscopes 

with accessible EDS or EELS signals. Radiation damage with higher available beam currents and the 

longer acquisition times for improved pixel resolution and field of view further exasperate an already 

complex problem of dose-induced damage/changes to ultrastructure of materials. 

 

In the case of Scanning Transmission Electron Microscopy (STEM) the electron probe can be rastered 

over a small area and the EDS or EELS signals binned into grids to provide a spatial map, referred to as 

a spectrum image. In contrast to energy filtered TEM, these spectrum images provide ‘fine structure’ 

which can be used to resolve bonding configuration and/or other information about local electronic 

structure.  Unfortunately, as EDS and EELS are relatively dose-inefficient processes, they require long 

dwell times and consequently large electron doses for sufficient signal-to-noise ratios.  This results in 

high resolution spectrum images requiring hours, or even days, to complete the spatial maps with 

sufficient signal, field of view and/or required pixel resolution.  For many materials, especially soft or 

hybrid soft/hard materials, this can preclude their analysis with spectrum imaging, as dose thresholds 

can be quickly surpassed, resulting in sample damage and loss of signal. This can be compounded in the 

case of in-situ studies where the presence of a dynamic medium can generate damaging radical species.  

In addition, materials in liquids and gases are rarely stable and positionally static for long enough to 

record a high-resolution spectrum image. These challenges necessitate innovative ways to conduct 

analytical studies that can reduce acquisition time yet retain requisite signal fidelity. 

 

Previously, it has been shown that by randomly-under-sampling signals and reconstructing, dose 

induced damage of biological and polymeric specimens can be suppressed [2].  However, state of the art 

inpainting algorithms still require a minimum of 15-20% of the pixels to be sampled to reconstruct a 

reasonable estimate of a fully sampled image. Herein, we report on a dynamic sampling approach for the 

recording of EELS and EDS spectra in a STEM, in which data points in a spectrum image are recorded 

adaptively.  We will show how our dynamic sampling framework allows the definition of sample 

specific objectives, in which high-speed and high-quality analytical electron spectrum images can be 

recorded automatically without user-intervention.    

 

Similar to a previous report simulating Electron Backscatter Diffraction (EBSD) imaging [3], we 

employ the use of a training database to map distortions in our estimated image of the sample to the 



utility of measuring particular pixels using simple linear least squares.  Briefly, an initial 1% of the grid 

points are acquired with EDS or EELS and stored to construct an initial measurement set.  From these 

initial measurements, a crude estimate of the “true” sample structure is made and points with high utility 

estimated using the training database.  The point estimated to have maximal utility is then measured and 

the sample estimate updated, yielding a new set of potential candidate measurements.  This process is 

performed iteratively until the dose-threshold for the material is met or the estimated images of the 

sample converges.  Notably, the utility of each measurement can be defined in terms of the image 

distortion, or in terms of spectrally specific features. 

 

In the following poster, we will report on the development of a novel Multi-objective dynamic sampling 

method for EELS and EDS (Dynamic Analytical Imaging SpectroscopY, DAISY) which operates 

through in-house developed Digital Micrograph (DM®, Gatan Inc.) scripts.  Proof of concept 

experiments, including the simultaneous mapping of multiple overlapping elementally distinct interfaces 

in EELS will be shown, as well as the acquisition of EDS spectrum images on dose sensitive biological 

materials.  As an example of sample specific goals, we will also show the dynamic EDS mapping of 

titanium deficient precipitates in a hot-worked Titanium-Aluminum alloy. In all cases, we demonstrate 

that proposed approach results in over an order of magnitude time-savings and an area-dose reduction of 

over 90%. In all experiments, the use of a crude, ‘weakly informative’ training database composed 

entirely of straight lines is employed to demonstrate the generalizability of the method.  Finally, we will 

discuss the application of Multi-Objective dynamic sampling to other radiation based imaging methods 

and instruments which rely on the sequential acquisition of data over a grid. 
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Figure 1.  A.  STEM High Angle Annular Dark Field (HAADF) image of a Boron Nitride flake over 

a holey carbon film.  B.  Mask of adaptively sampled EELS spectra for core loss Boron, Nitrogen, and 

Carbon.  C.  Reconstructed Boron map from inset, and D. Reconstructed Carbon map.  Adaptive 

[80x80] pixel EELS spectrum images collected with 8% sampling acquired in 14 minutes, full SI with 

equivalent dwell time would require >2.5 hours. 
 


