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As a Sr. System Engineer, Robert provides leadership in facilitating 
a common understanding, strategic roadmap, and functional utilization 
of Digital Twins and Digital Threads standards across Boeing and the 
aerospace industry. Robert represents Boeing in the aerospace and 
defense industry standards bodies (AIA, ISO, SAE International, 
OMG Digital Twin Consortium, and the A&D PLM Action Group) to establish 
standards for the design and operational deployment of digital twin 
and digital thread. In prior assignments, Robert’s design and technical 
expertise has been applied in the identification, validation, and integration 
of strategic Information Technology solutions for Boeing and the 
aerospace industry.
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This workshop presentation introduces and discusses opportunities with 
establishing Digital Thread standards.  During the workshop discussion, 
questions for digital thread standards will be asked of participants:

Is there a need for Digital Thread Standards?

How should Digital Thread Standards be Organized?

When should Digital Thread Standards be utilized?

An Approach to Organizing and Evaluating Digital Thread Standards will be 
proposed and discussed. Lastly, we will capture questions you may have, 
provide answers and how to follow-up through participation with the SAE 
international G-31 Digital Communications committee.

Abstract – Digital Thread Standards
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Introduction

• The Digital Thread: Opportunity/Problem/Challenge

• First Question – Is there a need for Digital Thread Standards?

• PLM Standards – Digital Thread

• Second Question – Organizing Digital Thread Standards?

• Standards Frameworks

• Third Question – Utilization of Digital Thread Standards?

• An Approach to Organizing and Evaluating Digital Thread Standards

• Many Questions – Few Answers
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The Digital Thread:
Opportunity/Problem/Challenge
• The Digital Thread – catalyst of interest

• Resulting in a resurgent interest in data and information

• Who is responsible for managing data and information 
• Information Technology – System Engineering?

• How do we share information between organizations – between 
companies

• Are there standards that we can use to share/exchange data and 
information?
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First Question – Digital Thread Standards

• Where do we find Digital Thread standards?

• Are you aware of any Digital Thread standards?
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PLM Standards – Digital Thread
• Over 25 standards organizations are defining digital thread standards.

Standards 

Body Acronym 

Organization Title Standards Type [Artifacts, 

Models/Data, Tools/Methods] 

Organization URL 

AIAA American Institute 

of Aeronautics and 

Astronautics 

Artifacts https://www.aiaa.org/ 

AIA Aerospace 

Industries 

Association 

Artifacts https://www.aia-

aerospace.org/about/ 

AFNeT Association of 

Internet users and 

networked Society 

Models/Data, Tools/Methods https://www.afnet.fr/en

/ 

AFNOR Association 

Française de 

Normalisation 

Artifacts, Tools/Methods https://www.afnor.org/

en/ 

ANSI American National 

Standards Institute 

Models/Data https://www.ansi.org/ 

ASD-STAN AeroSpace and 

Defence Industries 

Association – 

Standards 

Artifacts, Models/Data https://asd-stan.org/ 

ASME American 

Association of 

Mechanical 

Engineers 

Tools/Methods https://www.asme.org 

ATA ATA e-Business 

Program 

Models/Data https://ataebiz.org/ 

 

CIMdata A&D 

PLM AG 

A&D PLM Action 

Group 

Artifacts https://www.cimdata.co

m/en/aerospace-and-

defense 

IATA Air Transportation 

Association 

Artifacts, Models/Data https://www.iata.org/ 

IEC International 

Electrotechnical 

Commission 

Models/Data https://www.iec.ch/ho

mepage 

IEEE Institute of 

Electrical and 

Electronics 

Engineers 

Artifacts, Models/Data, 

Tools/Methods 

https://www.ieee.org/ 

 

INCOSE International 

Council on Systems 

Engineering 

Tools/Methods https://www.incose.org

/ 

ISO International 

Organization for 

Standardization 

Models/Data https://www.iso.org/ho

me.html 

LOTAR Long Term 

Archiving and 

Retrieval 

Models/Data https://lotar-

international.org 

Modelica The Modelica 

Association 

Models/Data, Tools/Methods https://modelica.org/ 

NAFEMS National Agency 

for Finite Element 

Methods and 

Standards 

Models/Data, Tools/Methods https://www.nafems.or

g/ 

NIST National Institute of 

Standards and 

Technology 

Artifacts, Models/Data https://www.nist.gov/ 

NQA-1 Nuclear Quality 

Assurance 

Certification 

Program 

 https://www.nqa.com/e

n-us 

OAGi Open Applications 

Group Integration 

Artifacts  https://www.oagi.org 

OMG Object 

Management Group 

Artifacts, Models/Data https://www.omg.org/i

ndex.htm 

PDES Product Data 

Exchange using 

STEP 

Models/Data, Tools/Methods https://pdesinc.org/ 

Prostep ivip ProSTEP 

Association for the 

Promotion of 

Product Data 

Standards 

Models/Data, Tools/Methods https://www.prostep.or

g/en/ 

SAE 

International 

https://www.sae.org

/ 

Artifacts, Models/Data, 

Tools/Methods 

https://www.sae.org/ 
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High Level View of Digital Thread Standards

• There is overlap between the data thread standards across various product lifecycle stages

• Potential opportunities to consolidate and streamline the data thread standards 

• Increased need to monitor the level of digital thread standards being implemented across 
industries

• “Digital Thread Index” could be an effective way to measure the efficacy of Digital thread data 
standards
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Second Question – Organizing Digital Thread 
Standards
• How should Digital Thread Standards be organized?
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Standards Frameworks
Reference frameworks from industry

STEP Application Protocol (AP) Standards Digital Twin Standards by Type (Wang et al. (2022)

Boeing | RROI # 23-179797-ETT
Source: CIMdata A&D PLM AG Digital Twin/Thread Project 
[https://www.cimdata.com/en/memberships/aerospace-defense-plm-action-group]Slide 

14



Organizing Digital Thread Standards

• An organizing framework – Product Lifecycle

• Align Standards to the product lifecycle

Source: CIMdata A&D PLM AG Digital Twin/Thread Project 
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Third Question – Utilization Digital Thread 
Standards
• How do we integrate digital thread standards?
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Aerospace OEMs Standards Utilization

There are many data standards available in each product life cycle domain and many of them are 
being used by major OEMs and there is an opportunity to consolidate with an efficient and effective 
data standards

Boeing | RROI # 23-179797-ETTSlide 17 Source: SAE International G31 Digital Communications



SAE International G31 
Digital Communications

A Proposed Approach to Organizing Digital Thread Standards

Ravi Udali – Infosys

Robert Rencher - Boeing
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Digital Thread Standards - Monitoring
Current state of Digital thread data standards Future state of Digital thread data standards

Identify high usage data standards
Calculate % adherence of data 

standards
Rank the applicable data standards 

based on volume of data blocks
Monitor and improve the standards 

applicability
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Proposed Digital Thread Data Standards Monitoring parameters

Data 
Standards 

Monitoring 
Parameters

Tool Usage count 

User community/
Organizations

Data types/Data 
volumes/ % Data 
standard adherence/ 
Criticality of the data

Product lifecycle 
stage/Efficiency of data 
standard handoffs/ 
Continuous or segmented 
digital thread

People

Data

Process
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Digital Thread Representation for Engineering – Example of Non 
Linear threading

Typical Design 
iterations during 
product development 
stage represents a Non 
linear digital thread
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Proposed Digital Thread Index Definition – Quantification of 
Effectiveness of Digital Thread

% adherence of data 

standard for each 

block A=

Efficiency of data 

transfer from one 

lifecycle stage to 

other
B=

Extent of coverage 

across entire product 

lifecycle

 

C=

Number of vertical 

data standards blocks D=

*

*

*

Digital Thread Index
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Digital Thread Index Definition – Factor A

A1 A2 A3 A4

% adherence of data 

standard for each 

block A=

A1 A2 A3 A4

n1 n2 n3 n4

n represents the criticality of the data 
(qualitative) , for example certification data, 
weight/cost data, performance/design data 
etc..A Cumulative = ෍

𝑖=1

4

𝐴𝑖 ∗ 𝑛𝑖 ෍

𝑖=1

4

𝐴𝑖/
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Digital Thread Index Definition – Factor B Efficiency of data 

transfer from one 

lifecycle stage to 

other
B=

Efficiency of data transfer (or) measure of extent 
of Digital thread breakage.. Primarily represents 

combination of speed and accuracy of data 
transfer

B1 B2 B3

B Cumulative  Function of (B1, B2, B3)=

Boeing | RROI # 23-179797-ETT
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Digital Thread Index Definition – Factor C

C Cumulative   Function of (C1, C2, C3)=

Extent of coverage 

across entire product 

lifecycle

 

C=

C1 – Continuous Digital thread

C2 – Segmented Digital thread

C3 – Hybrid Digital thread

Boeing | RROI # 23-179797-ETTSlide 26

Source: SAE International G31 Digital Communications Committee



Digital Thread Index Definition -  Composite factor

Digital thread index is 

A Cumulative * B Cumulative * 
C Cumulative * D Cumulative
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Wrap up

• The Digital Thread: Opportunity/Problem/Challenge

• First Question – Digital Thread Standards?

• PLM Standards – Digital Thread

• Second Question – Organizing Digital Thread Standards?

• Standards Frameworks

• Third Question – Utilization Digital Thread Standards?

• An Approach to Organizing Digital Thread Standards

Boeing | RROI # 23-179797-ETTSlide 28



Feedback and 
Questions?
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