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NIST Digital Thread Project

ÅDeveloping methods & open standards to support validating, 
certifying, and connecting engineering models across lifecycle

ÅGoals

ÅSeamless traceability:
System -> Design -> Manufacturing -> Operations -> Maintenance 

ÅHigh-quality manufacturing

ÅEnterprise knowledge reuse

ÅLearn more at: http://www.nist.gov/el/msid/syseng/dtsm.cfm

http://www.nist.gov/el/msid/syseng/dtsm.cfm


System Lifecycle Handler (SLH) ςUse Cases

ÅBuilddigital thread for systems

ÅConnectto data across the enterprise (Systems, PLM, CAD, ALM, Project 
management, Manufacturing, Operations) and spin a digital thread

ÅGeneratemodels as information moves across disciplines

ÅQuery and search the digital thread

ÅManage the digital thread

ÅTrack changes in versioned models connected in the digital thread

ÅCompare, synchronize, repair connections and models

ÅVisualizethe digital thread
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ÅOrganizations deal with a diverse, multi-vendor engineering 
toolset.

ÅThey create and store product/system data in a variety of tools, 
models and repositories: PLM, ALM, CAD, spreadsheets, databases, 
SysMLƳƻŘŜƭǎΧ

Silos of models and data

Conceptual Design
System Architecture

Detailed Design
PLM

Simulation MCAD

Requirements Project Mgmt ECAD

ALM



ÅFederating data and models across disciplines

ÅConnecting model elements and data at different levels of 
abstractions

Digital Thread ςConnecting the domains for true MBE

Conceptual Design
System Architecture

Detailed Design
PLM

Simulation MCAD

Requirements Project Mgmt ECAD

ALM



Digital Thread ςA simple example showing artifacts and connections

Inter-model	
connections

Requirements	
(e.g.	DOORS-NG)

Mechanical	Design
(CAD,	e.g.	NX,	CREO,	STEP)

Manufacturing
(CAM,	e.g.	MTConnect)

Intra-model	
connections

Quality	&	Inspection
(e.g.	QIF)

If	I	change	this	requirement,	
what	is	the	downstream	

impact,	e.g.	to	CAD	and	CAM	

models?

Trace	the	CAD	and	CAM	models	for	
this	part	and	compare	attributes	

against	test	results
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Connections / Links in the Digital Thread

ÅWhat is the purpose of model-based connections?

Reference Connections

Track/compare/sync versions of connected elements

Data Map Connections

+ Track/compare/sync element attributes

Function Wrap Connections

+ Track/execute connection elements

Model Transform Connections

+ Track/compare/sync element structure (multi-level)
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Digital Thread is a Graph

ÅGraph ςNodes and Edges

ÅNodes and Edges may have

ÅName

ÅType (Typed Graph)

ÅProperties (Property Graph)

ÅEdges may have

ÅDirection (Directed vs. Undirected Graph)

ÅGraphs can be

ÅStored

ÅQueried (Pattern matching)

ÅTraversed (e.g. Breadth-first, Depth-first)

ÅGenerated and Transformed

ÅAnalyzed
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E3: t2
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Information models can be abstracted as graphs
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System Model
(SysML)

Part/Item Structure
(Teamcenter)

Requirements
(DOORS NG)

Project Structure (JIRA)

Simulink model
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Testbed model for proof-of-concept ςConfigurable UAV
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Testbed model for proof-of-concept ςConfigurable UAV
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Enclosure Box for an 
Avionics assembly used 
in the Configurable 
UAV



Available data and models for the Enclosure Box 

ÅSysML model of the UAV and the payload

ÅCAD models for multiple variants and revisions of the Box 
(SolidWorks files on GitHub) 

ÅDesign flow management in JIRA

Å20 instances of each part are manufactured. For each instance:
ÅMachine sensor data streams for each part instance (MTConnect1.3 

XML on GitHub)

ÅNC code data - ISO 6983 (G-code files on GitHub)

ÅFirst article inspection reports (QIF 2.1 XML on GitHub)

ÅReceiving inspection reports (QIF 2.1 XML on GitHub)

14



NIST MTC CRADA ASSBLY

NIST MTC CRADA COVERNIST MTC CRADA BOX
Jama: Box 

Reqts
Jama: Cover 

Reqts

NMC ASSBLY Rev D

NMC COVER Rev BNMC BOX Rev D

NMC ASSBLY Rev DNMC ASSBLY Rev DNMC ASSBLY Rev D

NMC BOX Rev DNMC BOX Rev DNMC BOX Rev D
NMC COVER Rev B

JIRA: Box 
Design Status

JIRA: Cover 
Design Status

GitHub: Box 
Design CAD

GitHub: Cover 
Design CAD

NMC ASSBLY Rev D

NMC COVER Rev BNMC BOX Rev D

NMC ASSBLY Rev DNMC ASSBLY Rev DNMC ASSBLY SN D01

NMC BOX Rev DNMC BOX Rev DNMC BOX SN D01
NMC COVER SN B01NMC COVER SN B01NMC COVER SN B01NMC COVER SN B01NMC COVER SN B01NMC COVER SN B01NMC COVER SN B01

NMC BOX SN D01NMC BOX SN D01NMC BOX SN D01NMC BOX SN D01NMC BOX SN D01NMC BOX SN D01NMC BOX SN D01

NMC ASSBLY SN D01NMC ASSBLY SN D01NMC ASSBLY SN D01NMC ASSBLY SN D01NMC ASSBLY SN D01

GitHub: Box 
Mfg Data

GitHub: Box 
Quality Data

GitHub: Box 
Incoming Data

GitHub: Cover 
Mfg Data

GitHub: Cover 
Quality Data

GitHub: Cover 
Incoming Data

Approach for organizing the digital thread ςSchema and Linked Models

Product Concept 
Level

Design Variant 
Level

Part Instance 
Level



Demo video #1 ςQuerying the digital thread 
for the simple avionics box assembly
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Demo video #2 - Building the digital thread for 
the simple avionics box assembly
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Model Transformations ςAutomatically spinning the digital thread
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Switch repos
Generate Models 

(System <-> PLM)



Digital Thread as a conduit for information flow
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Requirements 
(SE -> ME)

Mass properties 
(ME -> SE)

Creo
Race Car


