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    Tomography is generally considered as the problem of 3D reconstruction from 2D projections, and a 
large number of techniques have been developed to optimize electron tomography with respect to 
dose and control of projection parameters (e.g. refinement of projection alignment and actual tilt 
angles – see [1] for a recent review).  Also, certain a-priori information of the object can be made use 
of, such as the fact that the object is sparse in some basis [2].  However, quantitative electron 
tomography must take into account the fact that electrons generally scatter multiple times within the 
sample, and that BF-TEM, HRTEM, HAADF-STEM, or EFTEM images are hardly linear projections of 
the underlying object.   
    In some cases, such as EFTEM tomography, or medium-resolution STEM tomography, a re-scaling 
of the data according to some exponential thickness–intensity relationship may help to improve the 
reconstruction significantly [3,4].  This re-scaling is applied only once to the experimental data, and a 
conventional linear reconstruction algorithm is used for the actual reconstruction.  While these 
improved approximations of the imaging process can have a remarkable effect on the reconstruction 
results they still do not guarantee a truly quantitative result.  In order to include non-linearity of the 
image formation process in iterative tomographic reconstruction schemes, it is necessary to consider 
this non-linearity in both forward simulation as well as back-projection, or at least treat the back-
projection as a linear perturbation.   
    One of the most challenging areas in electron tomography is probably the reconstruction of the 3D 
arrangement of atoms.  An obvious choice of recording method is HAADF-STEM, since it gives the 
most linear signal at atomic resolution [5].  However, HAADF-STEM requires high dose and also high 
accelerating voltage to produce a small enough probe, both of which are prone to produce knock-on 
damage.  Also, a large tilt range is required for linear tomographic reconstruction algorithms if a high 
resolution parallel to the incident beam direction is desired.    
In HRTEM the image contrast is highly non-linear and also delocalized, especially, in the presence of 
aberrations and/or objective lens defocus.  Also, multiple scattering is much more obvious in HRTEM 
than in STEM.  Figure 1 shows that multiple scattering of the incident electron beam within the sample 
actually helps to fulfill one of the requirements for compressive sensing, in that it increases the 
incoherence between the object space (atomic positions) and the image signal, especially at low 
accelerating voltage, where knock-on damage is expected to be low.  If the imaging parameters are 
optimized, HRTEM can also be very efficient in the amount of signal detected per incident dose.  Fig. 2 
shows how a novel, non-linear reconstruction algorithm is able to invert the multiple scattering of 
electrons within the sample to recover the 3D scattering potential [6][7]. 
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Figure 6. Diagram showing how multiple scattering of the incident electrons within the sample encodes non-local 

3D information into the exit face wave function.  Changing the angle of incidence of the illumination will change 
the phases and weights of different scattering paths, making it possible to retrieve the 3D scattering potential. 
 

 

 
Figure 7. Two rows of images at the top right: potential slices through a Au nanoparticle containing 

309 atoms (shown at the top left).  Treating the (non-linear) multislice algorithm as an artificial neural 

network has helped to recover the content of these 10 slices from 40 kV HRTEM images simulated, 

as shown in the bottom 2 rows of images. 

 

 


