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The 3D reconstruction of an object from a series of 2D projections is an important problem occurring in
various fields across lengths ranging from millimeter-scale medical computed tomography (CT) to
atomic electron tomography (AET) [1-4]. As the number of projection images that can be acquired is
usually limited either by geometric constraints and/or tolerable radiation dose, the solution to the
problem must provide the best-possible reconstruction from a limited number of projections. While most
tomographic reconstruction methods are largely unchanged since the 1980s [4-6], the capabilities of
imaging methods and technologies continue to advance [2,7-10]. To address the growth and
comprehension of imaging modalities, we present a powerful tomographic reconstruction algorithm,
termed GENFIRE (GENeralized Fourier Iterative REconstruction). In GENFIRE, a series of 2D
projections are first converted to Fourier slices by the fast Fourier transform. Using a gridding method,
the Fourier slices are assembled on to a Cartesian grid. The algorithm then iterates between real and
reciprocal space, where physical constraints such as positivity and support are enforced in real space and
the measured Fourier components are applied in reciprocal space. An error metric is monitored, and
upon reaching suitable convergence the algorithm terminates and a high-quality reconstruction is
obtained. GENFIRE produces reconstructions that are superior to several state-of-the-art tomographic
reconstruction techniques [4-6,11]. To further improve the reconstruction, a refinement procedure can be
used to correct the error in the angular measurement. GENFIRE will be made available freely and is
equipped with a graphical user interface.

A number of numerical simulations, including biological samples as well as multislice simulation of
nanocrystals, verify that GENFIRE produces reconstructions with higher resolution and less noise than
other iterative tomographic methods [4-6,11]. Experimentally, ADF-STEM was combined with
GENFIRE to reveal complex features of an FePt nanoparticle with unprecedented 3D atomic detail
including chemical order/disorder, grain boundaries, anti-phase boundaries, anti-site point defects and
swap defects [12].The full reconstruction quality reached in this experiment was not realized until
GENFIRE was used both for reconstruction and identification of angular misalignments. GENFIRE has
also been applied in correlative microscopy techniques to localize individual functionalized
nanoparticles within mammalian cells combining ptychographic coherent diffractive imaging (CDI) with
fluorescence and X-ray microscopy [13]. The availability of a generalized, multimodal 3D
reconstruction algorithm in an open-source format with an easy-to-use graphical interface would be
potentially transformative as interest in relevant fields of microscopy continues to grow.
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Figure 1. Schematic layout of the GENFIRE algorithm.
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