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Recently developed methods [1,2] enable objective classifications of the crystallographic symmetries in experimental data that feature (more or less) broken translation periodicities in two spatial dimensions (2D). These classifications are objective because they are based solely on the crystal structure information in the experimental data itself via the fulfillment or violation of statistical/numerical inequalities. These inequalities limit pair-wise ratios of sums of squared residuals between experimental data and its 2D symmetry models that are in maximal subgroup and minimal supergroup relationships. The type of microscope or diffraction apparatus that has recorded the data is immaterial for the application of these methods. This is because the 2D crystallographic symmetry information in the data is modeled* rather than the experimental imaging or diffraction process, which is instead considered to constitute an abstract but noisy “communication channel” between the structural information’s “source”, i.e. the crystal, and that information’s “receiver”, i.e. the researcher(s) who performed and/or analyzed the experiment(s). 
Generalized noise** in such a channel includes all effects of imperfect recordings of experimental data, all kinds of rounding effects and numerical approximations by all kinds of data processing algorithms, as well as the effects of random structural defects in crystalline real-world material samples. When there are many different noise sources and the effects of none of these sources dominate, the resulting generalized noise is approximately Gaussian distributed (by generalizations of the central limit theorem of statistics). This distribution is the precondition for the application of geometric Akaike Information Criteria (G-AICs) [3]. Generalized noise is, thus, supposed to be of a (more or less) random nature, but there can also be systematic distortions of a geometric nature in the data that should be identified and distinguished from their random counterparts.
For low to moderate levels*** of random experimental errors, one is highly unlikely [4] to make a wrong symmetry classification with the information-theory-based direct-space method [1] even in the presence of very strong pseudo-symmetries. When the obtained plane symmetry classification of a micrograph differs from the one that is expected for the known crystal, one can, therefore, quite safely conclude that there must have been systematic experimental errors that should be corrected per software as a part of best research practices. More than a dozen of such corrections including some on micrographs from sub-periodic crystals that were obtained with different types of lens-aberration-corrected transmission electron microscopes (AC-TEMs) have recently been demonstrated [5]. 
Even the most experienced crystallographer will be very hard pressed to correctly identify very strong pseudo-symmetries [1,4] and/or subtle systematic distortions of a geometric nature [5] in experimental atomic-resolution images from translation-periodic crystals just by visual inspection. Unfortunately, all other computer-based plane symmetry classification methods [6] rely on inbuilt decision thresholds that are in essence arbitrary, i.e. subjectively chosen. 
Micrographs that were obtained experimentally with AC-TEMs (in the parallel illumination and scanning probe modes) as well as with scanning probe microscopes (in the tunneling and atomic force modes) serve in this talk as examples for the demonstration of the (direct space) image-based classification method [1]. Results of the correction of some of these micrographs for systematic distortions of a geometric nature that have been obtained with the method described in [5] will also be presented. Experimental electron diffraction spot patterns serve as examples for the demonstration of the (reciprocal/Fourier space) diffraction-pattern based classification method [2].
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* The modeling consists in comparing the recorded experimental data to all pertinent symmetrized versions of this data individually and selecting the Kullback-Leibler (K-L) best match by means of a G-AIC. The symmetrized versions of the experimental data are averages over different subsets of this data, whereby a higher symmetry means a larger subset. Selecting the K-L best model ensures the optimal separation of the structural signal (that the micrograph inherited from the crystal in the information-theoretic sense) from random noise in the communication channel.   
** It is the generalized noise that turns the non-existing ideal communication channel of any crystallographic symmetry classification - and subsequent experimental materials science study or structural assessment of regular arrays of sub-periodic membrane proteins - into its real-world counterpart.

*** Those levels may be loosely defined as the noise levels in more or less 2D periodic micrographs at which experienced crystallographers feel currently quite confident to make the plane symmetry classification in their head based on information obtained with their naked eyes.

