
IT ALL STARTED WITH MODEL-BASED SYSTEMS 
ENGINEERING
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NASA/JAXA MBSE Meeting:

Online Meeting via Teams

Terry R. Hill / NASA / JSC



Agenda
• Work since our last meeting.
• Efforts in 2022

– MBSE Capability Survey
– Orion Digital Twin via SysML model
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Model-Based System Engineering
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MBSE is the cornerstone of an integrated digital 
project data flow and associated tool chain, in the 
same way SE was the centroid of data flow in 
historical paper-based project processes.



NASA’s MBSE Journey

Programs and Projects

NASA MBSE Total Timeline
Key Activities

Partnerships

2016 2017 2018 2019 2020

z

Department of 
Defense

Europa

DoD
NASA Cohort

MBSE Pathfinder 
Kickoff 

30 Participants
9 Centers + DoD

4 Use Cases
Training via GT

MBSE Pathfinder
Review 

Six Months Later 
W/F Adoption

Use Case Value

Request to EDs 
“Volunteers”

MBSE Patfinder
Strategy and 

Use Cases Defined

Can We?

NESC

OCE Cloud
Enterprise
MD Licensing

JPSS

ARM

NASA 
OCE

NIMA
4 Yr Effort
Whitepaper
Benchmarks

Loose Partnering

Mainline Work

Tight Partnership

Agency Decisions

Legend

Urban Air Mobility

Mars Assent Vehicle

MBSE and MBx
Imp. Plans

EMB
Status

APMC
DT and MBSE

ARMD
Imp. Plan

Agency Actions

DirectionEMB
DT

Inputs

Many MORE!!!

NASA DT
starts NASA/JAXA Cyber

Collaboration and IP

Japanese Aerospace 
Exploration Agency

SCaN

ExMC

Gateway 
Lvl1 & PPE

XRISM/Resolve

DoD
DE Strategy 

Released

DoD
DEWG

MIAMI Kickoff 
50 Participants

9 Centers
11 P/p Applications

CoP Integrated

MIAMI Midterm
Peer Review

Design Thinking
MIAMI Knowledge Capture 

Meeting
Gaps & Lesson Learned

Targeted 
Deployment

Testing current 
resources with ExMC

Infusion

APPEL 
training 
offered

Academy of Program, Project and 
Engineering Leadership

SLS

CCP Resource Prospector

NASA MBSE
CoP  Start

NASA OSMA

JPL 
MBSE Symposium 

Presentation Pathfinder 2
Final Review

ROI 80%
SoS Integration 

Discipline Integration

Pathfinder 2 
Kickoff 

50 Participants
10 Centers + DoD

5 Use Cases
Training via GT

Pathfinder 2 
Midterm Review

Technical Advisory 
Board formed

Why?

NASA Tournament Lab

National Institute of Standards and Technology
NASA OCIO

NASA STMD

USMC 
Strategic 

Command

USAF Space & 
Missile 

Command

SE SoD
External

NTL
“Crowd-VR”

Boeing
MBSE Status NIST F2F

A-M

UMD 
Dsn. Thinking 

Trng.

OCIO - SE TDT 
AIAWG  Chartered

STMD 
SBIR MBSE Topic
STTR Blockchain

JAXA
Visits NASA 

NASA LL Sharing

Strategy Delivered
20 year vision

Strategy Group 
Kick Off

USMC
NASA LL

USAF
P/L Integration

WP-AFB
HP Comp.
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2021 2022

APPEL
Devel. 
New
Training 
Reqs.

APPEL

MLT
NASA

Capability
Assemnt

MLT
Cap. Updt

MLT
Vanguard 

Updt.

MLT
Orion Digital 

Twin Start

MLT
Top 10 

Plan

MLT
Three 
Phase 
Cap. 

Maturity 
Plan

Piloted 
advanced 

MBSE 
Course

MLT Chartered

NASA/SNL 
TIM

NASA/Navy 
TIMNASA TIM

Inter-Agency Working 
Group Meeting on 
Complex Engineering: 
Systems Engineering 
Modernization

Nat. Nuclear Security 
Admin. / NASA TIM



Recent History for MBSE
2020
• Following Feb. ‘20 the MBSE Leadership Team (MLT) 

was established to develop a MBSE implementation 
approach for the Agency.

• Incorporated the lessons learned from MIAMI project.

• Added the NASA MBSE Community of Practice Lead to 
the MLT.

• Initiated Phase I of the MBSE Capabilities Assessment 
along with Center Capabilities Prioritization based on 
tailored version of: Hale, J. and Hoheb, A., INCOSE-
MBCM-2020-001.1, INCOSE Model-Based Capabilities 
Matrix and User's Guide, Version 1, Jan 01, 2020.
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2021
• Initiated the Orion ‘Digital Twin’ effort to shore up needs of 

the NASA side of Orion and to be used to flesh out what 
would be needed for large Agency MBSE/Modeling efforts.
– Modeled and demo’ed modeled Orion Power sub-system to 

Orion Chief Eng. and VIO in November.

• Worked with APPEL to develop Tier 4 MBSE Training 
requirements.

• Recorded an APPEL MBSE podcast detailing the NASA 
efforts to date regarding the MBSE journey and plans for 
the future and was distribution to the Agency and available 
at: https://appel.nasa.gov/podcast/episode-56-model-
based-systems-engineering

• Completed Phase II of the MBSE
Capabilities assessment, refined
results and gathered Vanguard 
projects and organizations.

• MLT to EMB Briefing 3-25-21
0

1

2

3

4
1. Workforce/ culture

2. SE Processes

3. Program/ Project Processes

4. Model Based Effectiveness

5. Information Technology
Infrastructure

6. Modeling Tool Construction

7. Model Use

8. Modeling Policy

NASA Centers

NASA Vanguard

ARC

GRC

JPL

JSC

KSC

LaRC

MSFC

https://appel.nasa.gov/podcast/episode-56-model-based-systems-engineering


MBSE Vanguard Groups/Projects Across NASA
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Project/Program Centers Project Maturation Phase Project Status

Artemis / Gateway GRC, JSC, GSFC, KSC, MSFC A: Concept & Tech Dev Active

SCaN PSE GSFC, GRC Pre-A: Concept Studies Active

ExMC JSC, LaRC, ARC Pre-A: Concept Studies Active

ATM-X/UAM LaRC, ARC Active

Multi-Center Projects

Project/Program Center Project Maturation Phase Project Status

FROST GRC A: Concept & Tech Dev Cancelled

JPSS Ground
SCaN NEN/NIKA
Integrated Modeling IRAD
HLS Software
MIAMI Sounding Rockets
Gateway Test & Verification
SCaN NIMO
STAR-X

GSFC E: Ops & Sustainment
D: Integration & Test
Pre-A: Concept Studies
B: Preliminary Design
F: Closeout
A: Concept & Tech Dev
E: Ops & Sustainment
Pre-A: Concept Studies

Active
Active
Active
Active
Completed
Active
Completed
Active

Exploration Ground Systems KSC E: Ops & Sustainment Active

Center Projects



Current Federation of MBSE in Artemis

Provided by Gateway: Crystal 
Haddock and Jeremiah Crane, 

Margarita Sampson and 
Vinodini Sundaram from 

Artemis Campaign 
Development



Recent History for MBE & MBSE
2022
• It was always intended that MBSE be expanded to Include all domains and activities associated with the Engineering 

Domain, eg. the formulation of the NASA Model-Based Engineering (MBE) leadership team.
– Jan – created the integrated MBE team comprising: MBSE, Design to Manufacturing, Multi-Physics modeling.
– Jun – re-organized the MBE to reduce scope over-lap of teams and broaden coverage over entire life-cycle of projects wrt toolchains.
– Jun – Task 5: initiated a multi-center (JSC, KSC, GRC) AWS Gov. cloud-based PLM pilot project.
– Orion DT – Task 4: Worked with MB MA / OSMA to explore ideas of how to generate fault trees from SysML models.

• Developed MBSE 3-Year/Phase Implementation Plan based upon INCOSE Capabilities Assessment Maturation 
Model.
– Has been used to prioritize activities as funding was made available.

– Fall ‘21 Piloted new APPEL Tier 4 MBSE course, and approved for Agency use. Existing training changed to use MagicDraw.

– Task 1: Perform Agency survey of integrated toolchains and associated interoperability requirements/capabilities.

– Task 3: Modeling of Agency Main-Three NPRs: 7123 (SE&I), 7120.5/.8 (Project Management), 8705 (Mission Assurance) with the objective to:
• Worked with other DT MBx domains to assess processes via SysML modeling and integrate to determine needed dataflow.
• Model associated processes as is
• Assess processes from ‘data-centric’ viewpoint – more on this later
• Assess processes for efficiency opportunities
• From data centric approach determine needed data interoperability requirements to inform infrastructure changes/adds, policy changes, toolchain selection guidelines 

for Agency.

– Task 2: Continued baselining of external agencies and companies for MBSE, toolchains, and workforce training approaches.

– Released NASA MBSE Handbook for Agency review.

– Integrated MBE with NASA SBIR S17.02 Integrated Mission Modeling 8
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Year 1 MBE Project Schedule 
FY22

Orion Digital Twin (FTE/WYE)

Sep. 22

MBE Funding 
1/5/22

MBSE NASA Handbook NASA-HDBK-1009 (FTE) Development and internal review

APPEL Tier 4 MBSE Training Pilot

MBSE / MBE Data Flow Concept Development (FTE) SOW Devel.

ATP 5/12/22

Model 7123 / 7120.5 & integrate with MB MA 8705 models (WYE)

SOW Devel.

ATP 5/10/22

APPEL Tier 4 MBSE Training Available to NASA

Presented @ 
Transformation Tue
11/16/21

MBSE Brief to 
SELP
1/11/22

MBE Baselining as Integrated Team  
2/17/22

Integrated MBE Kickoff 1/31/22

Devel. & baseline of MBSE 3-Phased Plan w/resources needed

DT Transforming 
Eng. Sprint

M
BS

E
M

BE

Leverages E-APMB survey data

MBE Task 1

MBE Task 3

MBE Task 4

Navy 2/02/22
MLT briefing to Navy/NAVSEA MBSE 
Modeling CoP. 3/20/22

Sandia NL 
2/22/22

MBSE @ Inter-Agency 
Working Group 11/16/21

Kickoff 5/25/22
Draft toolchain “architecture” 9/30/22

Final product 11/15/22

Kickoff 6/06/22

Benchmark Agency Toolchains and ident. Interoperability reqs. (WYE)

Planning/Prep Init. Model Arch. Process Modeling Model Integration

MBE Re-Org 
6/07/22

Summer Faculty Support for MBE Scope Refinement 
& Traceability to NGOs & Processes

Cloud-Based Multi-Center PLM Pilot

Presented Data Flow 
Concept to MB PM

11/03/21

MBE / MBSE Merger
Named Terry Hill – MBE Lead

12/15/21

Orion Demo to JSC Center Director 6/02/22

MBE DT Brief to OCE 
5/19/22

Orion Demo to Orion 
Chief Engineer & VIO 

Office 11/12/21 Transformation Tue 
Update 6/14/22Presented @ Transformation Tue 11/16/21

Orion Demo to MBSE CoP 5/25/22

Orion Demo to MB MA / OSMA w/ideas of how to 
generate fault trees 5/24/22

Finalize Modeling Drill Down 
& Plan for Process 
Optimization

APPEL Mod. Requs for Tier 1-3 MBSE Training to use 
MagicDraw & align with Tier 4 Training

GSFC XRISM / JAXA 
Modeling  1/24/22 MBE Task 5

NASA Centers at COVID-19 Stage 3

Orion Demo to Artemis MBSE 
Working Group 6/10/22Blue Text - represents training benchmarking

Demo to Gateway Management 
per request 7/29/22

MBE Site visits with JPL, 
SpaceX, Aerospace Corp., 

& NRO 8/01-04/22

NRO Annual Summit 9/16/22

MBSE External Training Benchmarking Activities (FTE)MBE Task 2

Idaho NL 4/20/22

Pratt & Whitney 5/13/22

Northrop Grumman 5/25/22
Aerojet Rocketdyne 6/17/22

Institute for Digital Enterprise Advancement 
Training and Development 7/08/22

Booze-Allen 7/08/22

GE Aviation 7/15/22

Demo to NRO 8/04/22

Development of proposal for management of 
NASA-specific Standards in data-centric 
approach (FTE)

Expect OCE to Sign by 9/30/22Agency-wide 
review 6/23-

7/21 ‘22

Piloting Complete 
8/08/22

Modeling Initial Pass 
Complete 9/30/22

NRO Brief of MBSE 
Infusion Effort 7/08/22NASA SE Workshop 4/04-

08/22



March April May June July August September October November December January February March April May June July August September

Development
• Prototype
• Depth Trade
• Domain Research

EPS Simulation
• Define Sim Scenario
• Define behavior model
• Develop GUI for live 

mission scenario

EPS Schematics
• Block Definitions
• Hierarchy
• Interfaces
• Schematic Integration
• June – Board interfaces & 

“Switch” details
• July – Loads
• Aug+ - Board internals

EPS Digital Twin 
Validation/Evaluation
• Model-Based Review
• Live Reviews
• Automated Audits

Initial proposal included 10 months of modeling and 8 months of validation per 
system.

• Project Execution: Team finished modeling and initiated script-based 
verification in Dec-Jan ’22 per plan. Spring of ‘22 performed internal checks 
of the content that couldn't be verified using scripts, and are continuing to 
get more Orion SME review.

Package for Agency Wide Use
• Lessons Learned
• Sanitized Model
• Script Library
• Reusable Components

Further Subsystem 
Development
• Multi-Domain Simulation
• Tool Integration
• Comprehensive Digital Twin 

Framework

FY2021 2022

Artemis I Test Case
• Feedback from live mission 

use by EPS engineering team

EPS Twin Integration
• Telemetry Interface
• Operational Data 

Interface
• Parameter Definition

Orion DT Project 2021-2022 Plan & Milestones 



Progress on Orion Digital Twin
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• Over 2,000 components represented
– ~120 elements of definition reused
– Over 130 hyperlinks to schematics database integrated into SysML Model

• Over 2,700 interfaces defined between components
• 2,208 ports imported ready for CD&H/Avionics/GNC subsystems
• Over 500 loads integrated into EPS architecture

– Channelization to specific switch within PDU
– Individual load parameters

• “Spec Power”
• “Actual Power”
• Etc.

• Automated syncing and validation of data and architecture to authoritative 
sources

• Simulation utilizing built architecture and imported component specifications



Integrated High-level Architecture and 
Lower-Level Schematic Details



Data Driven Design / Automation

•Component channelization validation
•Component parameter value sync
•Tailorable to input format

MagicDraw API Automation

•Keep track of latest source document revisions
•Scope out necessary changes to SysML model

Document Revision Traceability to Model Elements

Source of 
Truth



Integrated Simulation

• Interfaces
• Key Parameters
• Mathematical 

Relationships
• Requirements

• Component Behavior • Performance Analysis
• Verification of 

Requirements



Integrated Simulation



WHY MODEL PROCESSES?
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Year 1 MBE Project Schedule 
FY22

Orion Digital Twin (FTE/WYE)

Sep. 22

MBE Funding 
1/5/22

MBSE NASA Handbook NASA-HDBK-1009 (FTE) Development and internal review

APPEL Tier 4 MBSE Training Pilot

SOW Devel.

ATP 5/10/22

APPEL Tier 4 MBSE Training Available to NASA

MBSE Brief to 
SELP
1/11/22

MBE Baselining as Integrated Team  
2/17/22

Integrated MBE Kickoff 1/31/22

DT Transforming 
Eng. Sprint

M
BS

E
M

BE

Leverages E-APMB survey data

MBE Task 1

MBE Task 4

Navy 2/02/22
MLT briefing to Navy/NAVSEA MBSE 
Modeling CoP. 3/20/22

Sandia NL 
2/22/22

MBSE @ Inter-Agency 
Working Group 11/16/21

Kickoff 5/25/22
Draft toolchain “architecture” 9/30/22

Final product 11/15/22

Benchmark Agency Toolchains and ident. Interoperability reqs. (WYE)

MBE Re-Org 
6/07/22

Summer Faculty Support for MBE Scope Refinement 
& Traceability to NGOs & Processes

Cloud-Based Multi-Center PLM Pilot

MBE / MBSE Merger
Named Terry Hill – MBE Lead

12/15/21

Orion Demo to JSC Center Director 6/02/22

MBE DT Brief to OCE 
5/19/22

Orion Demo to Orion 
Chief Engineer & VIO 

Office 11/12/21 Transformation Tue 
Update 6/14/22Presented @ Transformation Tue 11/16/21

Orion Demo to MBSE CoP 5/25/22

Orion Demo to MB MA / OSMA w/ideas of how to 
generate fault trees 5/24/22

APPEL Mod. Requs for Tier 1-3 MBSE Training to use 
MagicDraw & align with Tier 4 Training

GSFC XRISM / JAXA 
Modeling  1/24/22 MBE Task 5

NASA Centers at COVID-19 Stage 3

Orion Demo to Artemis MBSE 
Working Group 6/10/22Blue Text - represents training benchmarking

Demo to Gateway Management 
per request 7/29/22

MBE Site visits with JPL, 
SpaceX, Aerospace Corp., 

& NRO 8/01-04/22

NRO Annual Summit 9/16/22

MBSE External Training Benchmarking Activities (FTE)MBE Task 2

Idaho NL 4/20/22

Pratt & Whitney 5/13/22

Northrop Grumman 5/25/22
Aerojet Rocketdyne 6/17/22

Institute for Digital Enterprise Advancement 
Training and Development 7/08/22

Booze-Allen 7/08/22

GE Aviation 7/15/22

Demo to NRO 8/04/22

Development of proposal for management of 
NASA-specific Standards in data-centric 
approach (FTE)

Expect OCE to Sign by 9/30/22Agency-wide 
review 6/23-

7/21 ‘22

NRO Brief of MBSE 
Infusion Effort 7/08/22NASA SE Workshop 4/04-

08/22

MBSE / MBE Data Flow Concept Development (FTE) SOW Devel.

ATP 5/12/22

Model 7123 / 7120.5 & integrate with MB MA 8705 models (WYE)

Presented @ 
Transformation Tue
11/16/21 Devel. & baseline of MBSE 3-Phased Plan w/resources needed

MBE Task 3
Kickoff 6/06/22

Planning/Prep Init. Model Arch. Process Modeling Model Integration

Presented Data Flow 
Concept to MB PM

11/03/21

Finalize Modeling Drill Down 
& Plan for Process 
Optimization

Piloting Complete 
8/08/22

Modeling Initial Pass 
Complete 9/30/22



MBSE and “Digital Transformation” is About Being Data-Centric Not just 
“Model-Based”: Establishing Required Integrated Data Flow
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Identifies Creator & 
Consumers of information 
and assoc. data format needs.

Identifies data construct 
interoperability requirements.

All project data is always ‘live’ reducing errors 
and real-time identification of system design 
issues.

Project / Eng. / Quality / Safety artifacts are generated dynamically from system models (no stale data).



TOOLCHAINS
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MBE Toolchain Supporting Parametric Design via 
Integrated Data Flow (The Left side of “The V”)
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Requirements

R
R
R

R

R
R

R
R

R

Functions

F
F

Product Structure

eBOM mBOM

Options
& Choices

logical Structure

Simulation &
Validation

S

S

R

R

V

Simulation
Results

sBOM

Software Structure
SCM

Test & Validation

T

T

T

V

V

T

T

T

V

V

Tests
Results

Novel
Design

Needs

Novel
Design

S
a
t
i
s
f
y

A
l
l
o
c
a
t
e

Software Model

Clas
s1

Clas
s2

Clas
s3

Physical Structure

Transformation

Transformation

Configurable BoM Generation +
Link for Trace

Code Gen 
& Sync

Visual 1D 
Simulation

Test Case Generation

3rd Party…

Co-Simulation

3D CAD – Hardware Design
*PTC tool chain shown does not imply sponsorship by NASA

Co-simulation & Parametric 
Design tools
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Year 1 MBE Project Schedule 
FY22

Orion Digital Twin (FTE/WYE)

Sep. 22

MBE Funding 
1/5/22

MBSE NASA Handbook NASA-HDBK-1009 (FTE) Development and internal review

APPEL Tier 4 MBSE Training Pilot

MBSE / MBE Data Flow Concept Development (FTE) SOW Devel.

ATP 5/12/22

Model 7123 / 7120.5 & integrate with MB MA 8705 models (WYE)

APPEL Tier 4 MBSE Training Available to NASA

Presented @ 
Transformation Tue
11/16/21

MBSE Brief to 
SELP
1/11/22

MBE Baselining as Integrated Team  
2/17/22

Integrated MBE Kickoff 1/31/22

Devel. & baseline of MBSE 3-Phased Plan w/resources needed

DT Transforming 
Eng. Sprint

M
BS

E
M

BE

MBE Task 3

MBE Task 4

Navy 2/02/22
MLT briefing to Navy/NAVSEA MBSE 
Modeling CoP. 3/20/22

Sandia NL 
2/22/22

MBSE @ Inter-Agency 
Working Group 11/16/21

Kickoff 6/06/22

Planning/Prep Init. Model Arch. Process Modeling Model Integration

MBE Re-Org 
6/07/22

Summer Faculty Support for MBE Scope Refinement 
& Traceability to NGOs & Processes

Cloud-Based Multi-Center PLM Pilot

Presented Data Flow 
Concept to MB PM

11/03/21

MBE / MBSE Merger
Named Terry Hill – MBE Lead

12/15/21

Orion Demo to JSC Center Director 6/02/22

MBE DT Brief to OCE 
5/19/22

Orion Demo to Orion 
Chief Engineer & VIO 

Office 11/12/21 Transformation Tue 
Update 6/14/22Presented @ Transformation Tue 11/16/21

Orion Demo to MBSE CoP 5/25/22

Orion Demo to MB MA / OSMA w/ideas of how to 
generate fault trees 5/24/22

Finalize Modeling Drill Down 
& Plan for Process 
Optimization

APPEL Mod. Requs for Tier 1-3 MBSE Training to use 
MagicDraw & align with Tier 4 Training

GSFC XRISM / JAXA 
Modeling  1/24/22 MBE Task 5

NASA Centers at COVID-19 Stage 3

Orion Demo to Artemis MBSE 
Working Group 6/10/22Blue Text - represents training benchmarking

Demo to Gateway Management 
per request 7/29/22

MBE Site visits with JPL, 
SpaceX, Aerospace Corp., 

& NRO 8/01-04/22

NRO Annual Summit 9/16/22

MBSE External Training Benchmarking Activities (FTE)MBE Task 2

Idaho NL 4/20/22

Pratt & Whitney 5/13/22

Northrop Grumman 5/25/22
Aerojet Rocketdyne 6/17/22

Institute for Digital Enterprise Advancement 
Training and Development 7/08/22

Booze-Allen 7/08/22

GE Aviation 7/15/22

Demo to NRO 8/04/22

Development of proposal for management of 
NASA-specific Standards in data-centric 
approach (FTE)

Expect OCE to Sign by 9/30/22Agency-wide 
review 6/23-

7/21 ‘22

Piloting Complete 
8/08/22

Modeling Initial Pass 
Complete 9/30/22

NRO Brief of MBSE 
Infusion Effort 7/08/22NASA SE Workshop 4/04-

08/22

SOW Devel.

ATP 5/10/22

Leverages E-APMB survey data

MBE Task 1
Kickoff 5/25/22

Draft toolchain “architecture” 9/30/22

Final product 11/15/22

Benchmark Agency Toolchains and ident. Interoperability reqs. (WYE)



High-Level Path Forward
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NPR Process 
Modeling

Agency Integrated 
Toolchain Survey

Toolchain 
Interoperability 
Requirements

Agency 
Interoperability 

Standards

Agency Integrated 
Toolchain 

RecommendationsToolchain Piloting 
Activities 

w/Centers

Consistent Digital 
Engineering 

Across the Agency

Agency MBSE 
Capabilities Survey

MBSE Vanguard Deep 
Dive to determine 
“Life & Shift” cap. 

MBSE/SysML/UML 
Modeling Piloting 

Activities w/Centers & 
Programs

Agency MBSE / 
Modeling 
Guidelines

Agency 
Recommendations for 

project/design artifacts, 
support for “smart 
reviews”, contract 
deliverables, etc.

Consistent MBSE 
Capability Across 

the Agency

Seamless Data-centric 
Integration, collaboration, 

data exchange with 
Domestic and 

International Partners.

Shift in Agency/Eng. CultureModel-Base Eng. (MBE) / 
Digital Eng. (DE)

Model-Base Systems 
Eng. (MBSE)



GOING FORWARD
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Near-Term Forward Work
FY23
Close Partnership with the Center Engineering Directorates:
• Direct involvement with the Center’s Engineering directorates to better understand current capabilities, where 

they want to get to, and determine how MBE can help.
• Leverage current capabilities of Centers with other Centers in need of the capability.
• Formulate a plan for pilot projects which advance a Center’s needs and those of other Centers.

Complete Agency Process Mapping and perform Data-centric optimization, complete the NASA extension of BFO 
ontology, formulate interoperability requirements, and recommended toolchain with short list of tools per domain 
per project/program lifecycle.

Domestic Partners:
• Release a RFI for recommendation for successful digital engineering toolchains to solution providers, to inform 

NASA’s internal recommendations in the event there are unknown unknowns to NASA in this area.
• Release a RFI to domestic partners regarding how they would like to do business with NASA, collaborate, 

exchange data via contractual mechanisms to shape NASA’s near-term capabilities.
International Partners:
• Engage to develop capability to securely collaborate and exchange information seamlessly.

– Build on existing collaboration capabilities with JAXA and use as approach to implement with other space agencies.
– Understand how ESA has integrated across multiple companies and national space agencies within ESA.
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