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Electron tomography is an established tool for 3D imaging of nanoparticles in biological and materials 
science. While a wide variety of research has been conducted to facilitate the necessary steps in electron 
tomography for the practitioner, many challenges and barriers still remain to achieving the highest possible 
resolution with ordinary off the shelf data processing tools. In this work, we address one of the main 
barriers to this problem, having accurately registered data, which can either be achieved by better data 
processing tools and/ or more precise data acquisition tools. Our focus is in the post processing procedures.

The most common alignment practices use simple correlation procedures, that are known to fail or output 
only a rough estimation in many cases. A more fundamentally sound approach was given in [1]. Here 
the authors presented a new center-of-mass technique (COM), which aligned the data globally using many 
local COMs. To briefly describe the problem, let an unknown 2D image be given by f(x, y), and the data 
in the form of 1D projections of f at angle θ, denoted by pθf . Then it was shown that the COM of pθf , 
denoted by tθ, and the COM of f , denoted by (cx, cy), satisfy tθ = (cx, cy) · (cos θ, sin θ). Since this is 
true for all θ, and in practice we’re imaging a 3D scene that essentially contains many instances of this 
relationship, it may be used to achieve extremely accurate alignment in some instances. The only drawback 
of this approach is that it requires to some extent a fixed volume, although part of the adaptation of this 
method requires only a fixed mass for some or even one 2D cross-sections. Recently, an adaptation of this 
approach was developed, which allowed for accurate alignment under looser restrictions [2]. Essentially 
one only needs a fixed volume for some cross-sections and only over subsets of the tilt range.

In this work, we present some new results motivated by this approach and other work [3]. Our current 
approach considers the alignment problem instead as a multiplicative phase error problem after converting 
into Fourier space. It is easy to compute that the change in the manifestation of the alignment error after a 
Fourier transform is instead a phase error appearing in data values. In other applications such as synthetic 
aperture radar, recovery of these types of phase errors is usually referred to as autofocusing.

With the problem converted into this space, we consider several ways to simultaneously reconstruct the 
imaging scene while recovering the phase shifts, i.e. autofocusing and effectively aligning the data. One 
approach is to simply use the complex logarithm in solving for the phase errors. For example, if a true 
noise free complexed valued data value is given by b, and the error data is of the form be = beiφ, with 
φ ∈ [−π, π), then it can be shown that
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Obviously b is unknown in practice, nevertheless we are able to use this relationship to inform the aut-
ofocusing, by instead observing these discrepancies between the known data and a current solution. An
alternative approach is to estimate these phase errors using gradient decent methods as done in [3].

Some numerical results from this autofocusing approach are shown in Figure 1. In this example, pro-
jection data, i.e a sinogram, was generated from a 2D binary phantom over a full 180◦ angular range at



every 2◦. Random misalignment shifts were then applied to the sinogram by generating the shifts from a
uniform distribution on the interval [−20, 20]. The result of this is shown in the top left panel of Figure
1, and the shift values are plotted in the top right panel. This data was the input into the autofocusing
algorithm. After 10 iterations of a numerical reconstruction algorithm, a Fourier transform was applied to
both the data and the forward projection of the solution, and the phase errors were estimated as outlined
by equation (1). These phase values then provided estimates for the alignment shifts, and this process
was repeated until convergence. The resulting reconstructions are shown in the bottom row of the figure,
and the reconstruction without the autofocusing is shown in the left. As demonstrated, the autofocusing
works for multiple reconstruction algorithms, namely SIRT and total variation (TV) minimization, and
each recovered nearly the exact shift values introduced as shown in the top right plot. We expect that this
approach may provide an important step towards automated electron tomographic reconstruction.
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Figure 1: Results of our autofocusing reconstructions on random misaligned sinogram data. The autofocusing is 
shown successful with both TV and SIRT.
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