
Image Analysis and Feature Classification in Atomically Resolved Images: Genomic Libraries through Smart Data 

Achievement: Linking experimental and computational facilities across the DOE to uncover local physical and chemical properties of Perocskite Superlattices.

Significance and Impact: Perovskites are promising materials for solid-state batteries.  Understanding the structural dynamics at an atomic level through direct measurement require statistical analysis of thousands of images that can only reasonably be done on HPC.  Feeding this experimentally based analysis of lattice configuration back into the HPC simulation will close the analysis gap, join big computation and big experimentation, allow near-real-time discovery of material properties.  
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Research Details:
a) Perocskite Superlattices experimentally measured at CNMS 
b) Dynamics analyzed on TITAN by IFIM team.
c) Electronic structure of lattice configuration for IFIM analysis calculated by Materials Project on EDISON.
[bookmark: _GoBack]Additionally, approximate structural models to be measured at CNM.  Data and analysis publish online for feedback and validation from greater scientific community.
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Overview:
The progress in imaging technologies since the beginning of the 21st century has opened the floodgates of high-veracity information in the form of multidimensional data sets containing partial or full information on atomic positions and local functionalities. Our goal is to use the power of HPC and big data to uncover the physics and chemistry hitherto concealed in the unexamined details of high resolution images and spectra, and its evolution with time and temperature. In this presentation we will demonstrate recent advances in the analysis of atomically resolved images, using the Titan supercomputer at the OLCF coupled with high-resolution scanning transmission electron microscopy (STEM) to identify atomic structure and dynamics in near real-time using scalable image processing and HPC. We briefly discuss the extraction of structure property relationships using the multiresolution data matching. We further extend this workflow to incorporate the high-throughput simulation to characterize electronic structure using the Edison supercomputer at NERSC, thus bridging physical imaging with theory. These data are then made available for collaborative analysis via the Compute and Data Environment for Science at ORNL. This approach, equally applicable to data from STEM, scanning tunneling microscopes, and focused X-ray will allow rapid analysis of images in terms of a priori unknown local physical and chemical parameters, extraction of underpinning materials behaviors, and will represent a paradigm shift compared to the present state of the art in condensed matter physics research.
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Primary and Secondary Lattice detection. Scaling analysis that
would take days into minutes
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