
Keeping up wi t h t he data

Experimental facilit ies around the 
globe are facing a challenge: their 
instruments are becoming increasingly 
powerful, leading to a steady increase in 
the volume and complexity of the scient ific 
data they collect. To make full use of 
modern instruments and facilit ies, 
researchers need new ways to decrease 
the amount of data required for scient ific 
discovery and address data acquisit ion 
rates humans can no longer keep pace with. 

A promising route lies in an emerging 
field known as autonomous discovery, 
where algorithms learn from a 
comparat ively small amount of input data 
and decide themselves on the next steps 

to take, allowing mult idimensional 
parameter spaces to be explored more 
quickly, efficient ly, and with minimal 
human intervent ion.

A Gaussian pr ocess r educes 
uncer taint y

Over the last few years, Gaussian 
process regression (GPR) has emerged as 
the method of choice for steering many 
classes of experiments. GPR makes 
decisions about where to sample next 
based on minimizing uncertaint ies. First , a 
Gaussian-shaped probability density 
funct ion is applied to a ?prior? model? an 
init ial best guess. As real data points are 
acquired, the probability density funct ion 

yields a ?posterior? uncertainty (mean and 
variance) at each point. This information is 
then used to make decisions about future 
measurements that minimize the 
uncertainty. This process, which can be 
based on relat ively small datasets, lies at 
the heart of gpCAM, a software tool 
developed by the Center for Advanced 
Mathematics for Energy Research 
Applicat ions (CAMERA) at Berkeley Lab.

Two case studies at  t he ALS

At ALS Beamline 1.4, researchers 
customized gpCAM to steer data collect ion 
in an infrared spectromicroscopy study of a 
well-characterized sample of microbialite, 
a rock-like sedimentary deposit  formed by 

Scient i f ic 
Achievement
Researchers at large scient ific 
facilit ies such as the Advanced Light 
Source (ALS) have applied a quick, 
robust machine-learning technique 
to automatically opt imize data 
gathering for a variety of 
experimental techniques.

Signi f icance 
and Impact
The work promises to enable 
experiments with large, complex 
datasets to be run more quickly, 
efficient ly, and with minimal 
human intervent ion.

An art ist ic illust rat ion of Gaussian funct ions and a light  or part icle beam passing through. The 
image alludes to the inner workings of the algorithm inside gpCAM, a software tool developed 
by researchers at  Berkeley Lab to facilitate autonomous scient ific discovery. (Credit : Marcus 
Noack/Berkeley Lab)

Autonomous Data Acquisi t ion for  
Scient i f ic Discover y
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marine microbes. Such studies produce 
?high-dimensional? infrared images in 
which each pixel contains rich physical and 
chemical information. Using gpCAM, 
regions of interest were ident ified and 
sufficient ly well resolved after 200 
measurements, compared to the 
approximately 10,000 measurements 
needed for a full-grid scan. Experiments 
that once took over eight hours can now be 
completed within 30 minutes, potent ially 
broadening the scope of biological 
spectromicroscopy to transient 
biogeochemical processes.

At Beamline 7.0.2, researchers applied 
gpCAM to angle-resolved photoemission 
spectroscopy (ARPES) data from a 
?twisted? stack of two graphene layers. 
The lower layer consisted of homogeneous 
graphene, while the upper layer consisted 
of dist inct regions with different rotat ions. 
For certain ?magic? rotat ion angles, the 
material becomes superconduct ing. To 
autonomously find domains near the 
magic angle, gpCAM was trained to 
ident ify areas of the sample with similar 
spectral characterist ics (a method known 
as K-means clustering). For this and other 
datasets studied, gpCAM with K-means 
clustering great ly outperformed 
grid-based searches. Often, less than 10% 
of the dataset was adequate for an accurate 
description of the number of phases 
present, together with their boundaries.

While CAMERA's init ial case studies 
have focused primarily on synchrotron 
beamline experiments, a growing number 
of scient ists in other areas? including 
math, drug discovery, computer science, 
and electrical engineering? are now 
seeing the advantages of incorporat ing 
autonomous discovery techniques into 
their workflows. By automating t ime- and 
energy-consuming data collect ion, these 
developments liberate researchers to 
focus on what they?re best at: scient ific 
meaning and discovery.
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Left : Micrograph of the microbialite used in this study. Center: Mult idimensional chemical data 

showing Si- bonded organics, calcites, proteins, and carbohydrates ext racted from a dataset  with 
1,738 spectral dimensions. Right : Feature- finding sampling locat ions (orange dots) rendered by 
gpCAM, using a known reference spectrum associated with Si-bonded organics.

Left : Typical ARPES data for graphene, illust rat ing the measurement?s four-dimensional (x, y, 

energy, momentum) parameter space. Right : Evolut ion of the clustered data points. At  100 points, 
pat terns have begun to appear; at  250 data points, the regions are visible; by 500 data points, 
borders between phases have successfully been defined. It  should be noted that  this diagram 
contains just  one-sixteenth of the ent ire dataset .
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