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The correct position determination of fluorescent molecules is crucial for the interpretation of
localisation microscopy data, e.g. of the biological structure investigated. The relative position
of fluorophores with respect to the detector is highly sensitive to environmental disturbances
(e.g. acoustic vibrations) and to mechanical instabilities of the microscope hardware (e.g.
thermal expansion or mechanical relaxation). These disturbances cause distortion in the
recorded image which pose a new natural limit to the localisation accuracy, especially for new
acquisition protocols that allow acquisition times in the order of hours.
Here, we present two drift correction strategies based solely on data already acquired without
any fiducial markers. We found that in some flavours of SMLM, many of the biological samples
exhibit enough permanent (photostable) structure to reveal information about the sample
location, or if this is not the case, reconstructions of a subset of the complete localisation data
stack can be used at several time points to gain information about the sample drift. In both
cases, the drift is found by determining the peak of the computed 2D-autocorrelation function.
A polynomial or a set of Fourier functions is fitted through the data, based on which the
dislocation of every localised fluorophore in a given frame of the acquired image stack is
subtracted.
Using this approach, we successfully corrected localisation microscopy data down to a final
drift less than 5 nm, which is comparable with fiducial markers based strategies. We
demonstrate that with this procedure the resolution of the final reconstructions is substantially
enhanced and the theoretical limit of localisation accuracy is almost restored.
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