
Integrity  Service  Excellence 

National Materials  
Data Initiatives 

Chuck Ward 
 

Materials & Manufacturing Directorate 

Approved for public release, distribution is unlimited. 88ABW-2015-2270  



Overview 

• Policy drivers 

• Discipline-based approaches 

• Repository efforts 

• Collaborative environments 

• Supporting technology/efforts 
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We don’t have a big data problem ... 
… we have a big problem with data. 



OSTP Direction on Public Access 
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Make publically available the products 
of research supported wholly or in part 
by Federal funding: 

• Peer-reviewed scholarly publications 

• Digitally formatted scientific data 
should be stored and publicly 
accessible to search, retrieve, and 
analyze 



Agency Public Access Plans 
Digitally Formatted Scientific Data 
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• Should be stored and 
publicly accessible 

• DMP with proposal 
• Deposit data per 

publication policy or 
proposal DMP 

• Should be stored and 
publicly accessible 

• DMP with proposal 
• Store data in public 

repositories, 
centralized data 
catalog/locator at 
DTIC  

• Should be stored and 
publicly accessible 

• Data management 
plans (DMP) with 
proposal 

• Deposit data per 
proposal DMP 



General DMP Help is Available 
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“Typical” Agency DMP Elements 

Expected data 

Preservation criteria 

File formats 

Data & metadata standards 

Data storage 

Dissemination 

“Long-term” access 

Ethics/privacy/proprietary/IP/security 

6 

DMPs are key to defining the who, what, where, how, and why associated 
with the management of research data 

Agency DMP requirements are necessary but insufficient to alone 
ensure the reusability of published research data 



Agency Based Support 

7 http://www.commondataelements.ninds.nih.gov/ 



Community Based Support 
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Community Based Support 

9 http://isatab.sourceforge.net/tools.html 



ICMSE 

AMM 

DMREF 

Materials Genome Initiative 

CMS 

PMS&C 

Enabling the discovery, development, manufacturing, and deployment of advanced 
materials at least twice as fast as possible today, at a fraction of the cost. 

Leading a culture shift 
in materials research 

Integrating experiment, 
computation, and theory 

Making digital  
data accessible 

Creating a world-class 
materials workforce 

ICME 

CAMD 



Requirements for a  
Materials Data Infrastructure 

•  Repositories for materials data 

– Accessible, federated, affordable 

•  Standards for data exchange 

– Formats, data and metadata standards, vocabularies/ontologies 

•  Data quality metrics 

– Pedigree, provenance, verification, validation, uncertainty, sensitivity 

• Citation and attribution protocols 

– Persistent identification 

• Intellectual property and liability determinations 

– Export control education, Licensing clarity 

Findable, Accessible, Interoperable, Reusable 



MGI Data Workshop, July 2014 
Priorities 

Community 
• Develop and deploy standards for 

data and federated/collaborative 
environments  

• Communicate value and need for 
digital materials data 

• Define critical data to be 
compiled  

• Engage Community  
• Explore and leverage data 

solutions developed outside 
materials community  

• Train students in these emerging 
areas 

• Establish community norms for 
publishing materials data  

Government 
• Lead data strategy/approach 

development 
• Incentivize data deposition 
• Facilitate data deposition (policy 

and technology)  
• Support data sharing and 

deposition (provide resources)  
• Support data creation  
• Enhance data management 

competency  
• Provide quality datasets for 

model development/validation  
 

12 http://dx.doi.org/10.6028/NIST.IR.8038  



Agency Data Gateways 
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http://www.osti.gov/dataexplorer/ 

http://maptis.nasa.gov/ 

• Very rudimentary 
• Limited data available 

• Restricted access 
• Engineering-oriented 
• Extensive collection 



NIST Materials Data Repository  

https://materialsdata.nist.gov/dspace/xmlui/ 



Structural Data Demonstration 
Project: Al6061  

NIST’s role 
• Provide data schemas and meta-data formats 

for diffusion and phase equilibria data.  
• Provide sample diffusion and phase equilibria 

data for the Al-Mg-Si system. 
• Use expanded TRC Guided Data Capture 

program with available binary and ternary 
phase equilibria literature 

• Expand use and implementation of DSpace 
Repository  

• Link with developing ontology and semantic 
web tools  

March 2014: Phase 1 release. 
June 2014:  Phase 2 release. 
Dec 2014: Project Completion  
 

Goal:  Establish well-pedigreed and curated 
demonstration datasets for non-proprietary 
metallic structural materials data over all length 
scales.  
 



eere.energy.gov 16 | Vehicle Technologies Program 

DOE Vehicle Technologies – 
Supporting the MII 
Objectives: Generate thermodynamic, kinetic, and corrosion data for automotive Mg die casting 
alloys to fill significant gaps in the reported properties and to enable design of high performance 

alloys. Partner with NIST to structure data and deliver via NIST Dspace repository. 
 PI: J. Allison 

Coupled modeling and experiment to determine 
liquid- and solid-state kinetics in die castings 
DOE Funding: $600k 

PI: J.C. Zhao, A. Luo 
High-throughput measurement of binary, ternary, 
and quaternary Mg alloy kinetics in liquid and solid 
DOE Funding: $600k 

PI: A. Rohatgi 
Dynamic-TEM measurement of Mg liquid- and solid-
state kinetics with ~500ns resolution 
DOE Funding: $500k 

PI: K. Sieradzki 
Synthetic microstructures and atomistic modeling to 
explore microstructure effects on bulk corrosion 
DOE Funding: $500k 

PI: M. Horstemeyer 
Model development and experimental validation for 
coupled H2 evolution and  corrosion damage model 
DOE Funding: $500k 

PI: G. Song 
Systematic experimental test of passivation behavior 
for wide range of Mg-X solid solutions 
DOE Funding: $600k 

• All PIs will work with NIST to determine best format, content, and meta-data 
• All PIs will upload project data to a NIST repository where it will be publicly available, 

searchable, useable, etc. 
• All data will be assigned a persistent identifier for citation and connection with publications  



National Data Service 
National Center for Supercomputing Applications 

17 http://www.nationaldataservice.org 



Project-based repositories 
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http://www.mrl.ucsb.edu:8080/datamine/thermoelectrics.jsp 

http://hydrogenmaterialssearch.govtools.us/ 

Issues:  data discoverability, machine processing, data curation/longevity 



Computationally-derived Data Repositories 
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MIT & LBNL 
• 58,123 compounds 
• 41952 band structures 
• 1,243 elastic tensors 
• Thermodynamic props 
• Crystal structure 
• Phase diagrams 
• REST API 
 
 Duke 
• 51,367 compounds 
• 308,975 calculations 
• Thermodynamic props 
• Magnetic props 
• Crystal structure 
• Phase diagrams 
• REST API 
 
 



Collaborative Environments 
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Univ. Michigan – Materials Commons 
• Store materials data (& provenance) 
• Collaborate and share data 
• Search and use data, REST API 

Univ. Illinois 
• T2C2 Curator, real-time acquisition and 

curation of data from instruments 
• T2C2 Coordinator, filter, identify correlate data 

Timely and Trustworthy 
Curating and 
Coordinating Data 
Framework (T2C2) 

Purdue University 
• Platform for simulations 
• Project space 
• Expanding to data management 

Georgia Tech 
• e-collaboration space 
• Models, data, sharing 
• GitHub, Plot.ly, figshare, Authorea 



ASM International: 
Structural Data 
Demonstration  Project 
 
DOE/EERE Kinetics of 
Cast Mg Alloys 
 
Journals collaboration 
• IMMI  
• Others under 

discussion 

DSpace 

Ontologies 
Schemas  

(XML based) 
NLP 

Data Mining Tools 
Data Analytics  

Workflow  
Tools  

Semantic 
 Media Wiki 
Meta data  
standards 

Bench marking 
activities (DFT) 

Uncertainty Analysis  
Coordinated by new 
Office of Data and 
Informatics 



ChiMaD Data Mining 
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AFRL Data Efforts 
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http://wiki.knoesis.org/index.php/MaterialWays 

Metals Affordability Initiative 

• Web-based OEM-Supplier 
collaboration framework 

• Data standards and protocols for OEM-
Supplier data and model exchange. 

• Uncertainty Quantification methods to 
capture variability in process, 
microstructure and property data. 

Wright State University 



Semantic-based Tools for  
Materials Data Management 

• Develop Robust Mid-level 
Materials Ontology Ready for 
Crowd-sourcing and Initial 
Experimental Research Use 

• Explore Sophisticated Low-level 
Ontologies   

• Significantly Expand Size of, 
and Integration Across Data 
Stores 

• Propose and Demonstrate 
Computational Approaches for 
Establishing Provenance 

• Provide Access Control for 
Linked Materials data and 
Computational Functions   

• Integrate with Manufacturing 
or Component Design Domains 
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Materials Data Formats 
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DoD Materials Project on SEM Data 

Problem: 
– Data generated from scanning electron microscopy (SEM) have become much 

more complex and content rich, but there is no standard format used to facilitate 
sharing and machine interpretation 

Objectives: 
– Better preservation and re-use of SEM data across the services 
– Improve automatic metadata capture 
– Define and improve data flow from research instruments to analysis 

http://www.immijournal.com/content/3/1/4/figure/F1?highres=y


Making Data More Valuable & Accessible 
Supporting Reports of Research with Underlying Data 
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http://www.immijournal.com/authors/instructions/datadescriptorarticle 



Many Players in the Field 
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Summary 

• A few materials data repositories have been established 

• Development and application of commonly accepted 
standards and tools enabling data discovery, data quality, and 
reusability is needed 

• Educational resources on good data practices are needed for 
the community 

• Community-wide acceptance of the need for materials data 
stewardship is slow to build 

29 



30 


	Slide Number 1
	Overview
	OSTP Direction on Public Access
	Agency Public Access Plans�Digitally Formatted Scientific Data
	General DMP Help is Available
	“Typical” Agency DMP Elements
	Agency Based Support
	Community Based Support
	Community Based Support
	Materials Genome Initiative
	Requirements for a �Materials Data Infrastructure
	MGI Data Workshop, July 2014�Priorities
	Agency Data Gateways
	NIST Materials Data Repository 
	Structural Data Demonstration Project: Al6061 
	DOE Vehicle Technologies – Supporting the MII
	National Data Service�National Center for Supercomputing Applications
	Project-based repositories
	Computationally-derived Data Repositories
	Collaborative Environments
	  
	ChiMaD Data Mining
	AFRL Data Efforts
	Semantic-based Tools for �Materials Data Management
	Materials Data Formats
	DoD Materials Project on SEM Data
	Making Data More Valuable & Accessible�Supporting Reports of Research with Underlying Data
	Many Players in the Field
	Summary
	Slide Number 30

