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Nowadays electron microscopy still requires an expert operator in order to manually obtain in-focus
and astigmatism-free images. Both the defocus and the twofold astigmatism have to be adjusted
regularly during the image recording process. Possible reasons are for instance the instabilities of the
environment and the magnetic nature of some samples. For the next electron microscopy generations
the manual operation has to be automated to improve the speed, the quality and the repeatability of
the measurements.
A number of methods implemented on aberration-corrected microscopes are able to correct high and
low aberrations, which include defocus and astigmatism. Unfortunately, these methods are not
suitable for applications that require continuous operation since they are not fully automated (human
operator has to point amorphous area or enter a range of parameters). Also, some of them make use
of additional equipment, such as aberration correctors or a camera for Ronchigrams recording, which
is not a part of every microscope.
We describe a new method for automated defocus and astigmatism correction in electron
microscopy based on a sharpness function and derivative-free optimization [1]. The method
x corrects defocus and twofold astigmatism simultaneously;
x does not depend on image Fourier transform or Ronchigrams;
x does not require amorphous area or any other knowledge about the sample geometry;
x has been tested for simulations as well as for a real-world HAADF-STEM application.
The speed and accuracy of the method are comparable to those of an experienced human operator.
Three examples of the method work are shown in Fig. 1-2. The method has been mainly tested for
low-to medium magnifications. The application of the method to high resolution images could be the
topic of the future research. Different optimization techniques can be employed for the method
work: the Nelder-Mead simplex method and the Powell interpolation-based trust-region are
discussed and compared for a real-world application running on a HAADF-STEM [2].
The current implementation of the method is based on the image variance sharpness function. Also,
we could instead use a different image quality measure from a wide range of measures available in
electron microscopy [3-4]. The method does not require any special hardware and is based on the
general assumptions; therefore, it could be used for different types of microscopy (SEM, STEM,
etc.). The method could be extended for correction of a wider range of microscope aberrations [5].
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FIG. 1. Images of a gold particle and their Fourier transforms before the correction, during the
correction and after the correction. On the left we see a particle, which is completely out-of-focus.
On the right the image quality is the same as the one achieved by a human operator.

FIG. 2. From left to right: images of gold particles and their Fourier transforms, before and after the
automated correction; images of carbon cross grating on the nanometer scale and their Fourier
transforms before and after the automated correction. The alternative Fourier transform-based
correction method could fail in these situations.

