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The digitization of controls, data, and analysis in microscopy is bringing the idea of autonomous 

microscopes closer to reality than ever before. Automated transmission electron microscopy (TEM) is 

already fairly routine for some experiments the only require simple repetitive tasks such as imaging 

biological macromolecules for single particle cryoEM [1], tilt series for electron tomography [2], and 

movies for crystallography [3]. The vast majority of TEM experiments are conducted completely by 

human operators who choose the regions of interest, optimize experimental parameters, and make 

decisions about data quality visually during an experiment. The field is still a long way from having 

completely autonomous TEMs that can adapt to sample difficulties and tune experimental parameters 

based on data quality and desired experimental outcomes. Part of the issue is the lack of capability for 

feeding information learned from on-line, live data analysis back into the on-going experiment.[4] This 

presentation will discuss current capabilities for large scale data reduction and analysis using high 

performance computing (i.e. supercomputing) and progress towards developing a true feed-back loop that 

places data analysis and theory in the experimental loop. 

 The Molecular Foundry hosts a very fast direct electron detector called the 4D Camera with an 

87,000 Hz readout speed producing a data stream of 480 Gbit/s. A typical raw dataset consists of over 700 

GBytes acquired in 15 seconds.[5] The large amount of data produced spurred the connection of the 

detector data acquisition system with the National Energy Research Scientific Computing Center 

(NERSC) for data reduction and on-line analysis. Data reduction is accomplished in less than 5 minutes 

providing rapid feedback to the operator. We have integrated the 4D Camera with a pipeline-based 

automatic control system capable of long running high resolution experiments.[6] We have also 

implemented a web-based online control, data transfer, and metadata tracking system for data 

processing.[7] This provides an ideal platform for designing and testing algorithms for autonomous 

operation with direct access to large scale data processing. [8] 
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