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Our ability to analyze and understand any physical, chemical, or biological material relies on 
accurately determining its structure, characteristics, and responses. Contemporary analytical 
techniques produce large volumes of data from pointwise sample analyses (one dimensional 
(1D) data), maps of compositional distributions (two dimensional (2D) data), and depth profiles 
showing composition throughout a sample volume (three dimensional (3D) data). 
 
Correlative analyses linking data from the same sample, obtained by different analytical 
techniques or different operating parameters, are becoming critically important. Different 
analytical perspectives on the same sample enhance the richness and depth of the conclusions 
that can be drawn from it. 
 
Recent advances in analytical science have resulted in an overwhelming avalanche of data – 
the “big data” problem. In our lab a single time-of-flight secondary ion mass spectrometry 
(ToF-SIMS) experiment might collect a map (512 x 512 pixels) with 2000 mass spectral peaks 
of significant intensity in 2 – 10 minutes. These half a billion data points all have differing 
degrees of significance. 
 
In many cases, only a small number of peaks, 10 – 200, may be judged to be characteristic of a 
specific sample, and the rest of the data may be discarded. However, there are significant risks 
that such analyses are biased, and may miss important but subtle trends. 
 
There is a very substantial knowledge gap in our ability to find and make full use of the 
information and knowledge contained in large scale data sets. This gap is driving rapid 
international progress in the application of materials informatics and machine learning to 
analytical surface science. 
 
This presentation will highlight our work on applying artificial neural networks, spatial 
resolution enhancement and related approaches to analysis of a variety of very large 
hyperspectral data sets to better understand complex materials and their interactions. 

 


