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Copyright and Disclaimer

Certain commercial software products are identified in this material. These products were 
used only for demonstration purposes. This use does not imply approval or endorsement by 
Stevens, SERC, or CCDC/ARDEC, NAVAIR, nor does it imply these products are necessarily 
the best available for the purpose. Other product names, company names, images, or names 
of platforms referenced herein may be trademarks or registered trademarks of their 
respective companies, and they are used for identification purposes only. 
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Abstract

• NAVAIR characterized the Systems Engineering Transformation (SET) Framework for a Digital Engineering (DE)-enabled 
acquisition. This presentation discusses the Surrogate Pilot use cases, models and lessons learned in assessing the SET 
Framework for collaboration between government and industry.

• This is an evolving version of a briefing that summarizes the Systems Engineering Transformation (SET) Surrogate 
Experiments. It provides an overview to set the context of the SET Framework concept and Functional Areas. Research 
is one of the functional areas that was defined along with an evolving set of objectives that are being used to guide the 
experiments, and trace the results to the objectives. 

• These experiments are being conducted by a team of NAVAIR Subject Matter Experts, SERC Collaborators from Stevens 
Institute and Georgia Tech, and a Surrogate Contractor from Altair. The ongoing results and lessons learned are 
captured on the All Partners Network (APAN.org @ https://community.apan.org/wg/navair-set/set-surrogate-pilot/) 
and being shared with Industry and Government.

• This briefing is Distribution A.
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Organization

• WHAT: Context and Scope of NAVAIR SE Transformation

• HOW: Use Evolving Surrogate Pilot and Experiments to Demonstrate Art-of-the-Possible

• HOW: Transformation Elements Moving from Documents to Models

• HOW: Phase II Objectives (FY19) Aligns with SE Transformation (SET) Priorities

• HOW WELL: Contributing Modeling Examples to Support Workforce Development 
demonstrating Art-of-the-Possible



SERC 2020 Mark Blackburn, PhD 6

WHAT:
Context and Scope of NAVAIR SE Transformation

Research in the Context of 

Surrogate Pilot Experiments
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Capability Based Acquisition - Outpacing the Threat
Digital Thread enables rapid delivery of Integrated Capabilities

Integrated Warfare Analysis 
establishes CONEMPS 

and Effects-Chains

CONEMPS and Effects Chains 
are modeled at the System of 

Systems (SoS) level

SYSTEM MODELS

Constructive Virtual Live

LVC-based Training 
maximizes Fleet 
proficiency

System models form “Constructive” 
basis for LVC M&S environment

Capabilities-Based T&E

SoS MODEL
Systems are developed in a 
Model-Based environment

SE TRANSFORMATION

Integration and Interoperability (I&I)

Focus is
Here

NAVAIR Public Release 2017-370.  Distribution Statement A – “Approved for public release; distribution is unlimited”
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Surrogate Pilot focus is on Characterizing
Assessing, and Refining SET Framework for Model-Based Acquisition

• Elimination Transformation of paper CDRL 
artifacts and large-scale design reviews

• Continuous insight/oversight via digital 
collaborative environment and interaction 
with the Single Authoritative Source of Truth

CDD

Integrated Test 
Vehicle #1

Design & Manufacture Release

MDAO*/SET-BASED DESIGN 

Integration Events

* Multi-Disciplinary Analysis & Optimization

Mechanical Design Models

Electrical Design Models

Software Design Models

Testing Methods & Models

Analysis Tools

Instantiate and 
validate design in 

models

Move rapidly to mfg. 
Substantiation and 

insight via modeling 
environment

Re-balance as 
required

Single Authoritative Source of TruthInstantiate 
System Spec in a 

model

Mission 
Effectiveness 
optimization

V5.0

Right-size CDD –
very few KPPs, all 

tied to mission 
effectives

Element 1

Element 2 Element 3 Element 4

“S
pe

c 
G

en
er

at
io

n 
of

 R
FP

”
an
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INSIGHT/OVERSIGHT

NAVAIR Public Release 2017-370.  Distribution Statement A – “Approved for public release; distribution is unlimited”

Phase 1 Completed – Dec. 2018
Phase 2 – Work Elements 3 & 4,

Refactor Models to Align with Methods

SET
Framework

Concept
Initially

Rolled Out
2016

CDRL: Contract Data 
Requirements List
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Research and Surrogate Experiment contributes broadly to 
SET Functional Areas

NAVAIR Public Release 2018-194.  Distribution Statement A – “Approved for public release; distribution is unlimited”
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HOW:
Use Evolving Surrogate Pilot and Experiments to 

Demonstrate Art-of-the-Possible

• Doing “Everything” in Models to show we can

• Operating in a Collaborative Environment

• Using an Authoritative Source of Truth
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Surrogate Pilot Scenario: Skyzer UAS & Launch and Recovery 
for Landing Gear Deep Dive

Graphical CONOPS Scenario: 
Search & Rescue

Skyzer System & Mission Models developed using SysML

Descriptive 
Model
(e.g., 

SysML)
replace

Documents

Performance constraints force Multi-physics 
Design considerations - similar to Bell Eagle Eye

Phase II is 
adding

ship-based
Launch and 
Recovery 
Capability

&
Deep Dive
supports

Airworthiness
Use Case NAVAIR Public Release 2019-443. Distribution Statement A – “Approved for public release; distribution is unlimited”

Deep 
Dive
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Proposal for Design 
Models focused

to demonstrate aspects
for Producability Decisions

involving Multi-physics 

Research Use Cases for Surrogate Pilot and 
Experimental System (Skyzer)

12

Surrogate 
Pilot Use 

Cases (UC)

Mission 
Model UC

System Model 
UC

Project Plan 
Model UC

Contractor(s) 
System 

Model(s) UC

Contractor 
Design  Model 

UC

Source 
Selection UC

& Models

RFI

RFP

GFI

Skyzer is Experimental UAS System using Authoritative Source of Truth (AST)

Assess SE Framework Concept

Collaboration
in Authoritative 

Source of Truth UC

We are Collaborating in AST

Mission Models
System Models
SOW Models
Evaluation Model
Based on Standards

RFP 
Response
Extends

GFI

Phase 1 Complete
Phase 2 – Work Elements 3 & 4

Uses Uses Links

Everything done in models to demonstrate
“Art of the Possible”

NAVAIR Public Release 2018-194.  Distribution Statement A – “Approved for public release; distribution is unlimited”

GFI: 
Government 
Furnished 
Information
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Continuous Updates of Discussion Threads Provided on Public All 
Partners Network

13

Access at:
https://community.apan.org/wg/navair-set/set-surrogate-pilot/

280 Member as of 4/13/2020

• Briefings
• Videos
• Models
• Discussion threads
• Instructs to see

models on AWS

NOTE: Currently updating Research Group for Phase II
https://community.apan.org/wg/navair-set/research/
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HOW:
Transformation Elements

Moving from Documents to Models

• Developing/demonstrating Methods for Mission and System models

• Using models collaboratively in Authoritative Source of Truth

• Using OpenMBEE/DocGen to Generate Views for Stakeholder and 
Discipline-Specific Subject Matter Experts
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Skyzer Demonstrates Formalizing the Use of Models and 
Methods for the SET Framework Elements

Operational Models Other Business Models
Personnel, support, training, etc.

User Capability Model
(aka Mission Model)

System Model

Sub-System 1 Model Sub-System 2 Model Sub-System n Model

Component 1 Model Component 2 Model Component n 
Model
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Acquisition
Agreement

Main
Contract

Sub
Contracts

SoS
Level

System
Level

Sub-System
Level

Functional Baseline

Allocated Baseline

Initial System Model

Final System Model

System Model is 
Authoritative Requirements 

Source  (e.g. Gov’t 
Specification)

El
em

en
t 1
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en
t 2
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t 3
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t 4

End Phase 1

Discipline-Specific Models
(Mechanical, Electrical, SW)

NAVAIR Public Release 2017-892.  Distribution Statement A – “Approved for public release; distribution is unlimited”

Phase 2
focused on

Elements 3 & 4
of 

SET Framework:
How to reduce

time by
using models to

better understand
a maturing

design



SERC 2020 Mark Blackburn, PhD 16

Traceability Matrix

How MBSE Strengthens SE by Characterizing the Analysis of Structure, 
Behavior and Interfaces

req [Package] HSUVRequirements

«block»
PowerSubsystem

«requirement»

id#
REQ_1

txt
The HSUV will have the acceleration of a
typical SUV, but with much better fuel
economy.

Performance

«requirement»
Acceleration

«requirement»
Power

verifiedBy
«Activity Diagram» [Activity] Accelerate

refinedBy
«Use Case» Accelerate

«deriveReqt»

«satisfy»«Problem»
need to specify test conditions

«Rationale»
contains both power sources

Requirements Diagram

bdd [Package] HSUVStructure

«block»
HybridSUV

«block»

operations
activateABS ()
dactivateABS ()
brakeOn ()
brakeOff ()
runsCheck ()
applyABS ()

BrakeSubsystem
«block»

ChassisSubsystem
«block»

operations
powerUp ()

PowerSubsystem

«block»
BrakePedal

«constraint»

constraints
{flowrate=pressure/(4*demand)}

parameters
demand : Real
flowrate : Real
pressure : Real

FlowConstraint

bk
c

bkp

bkp

p

fc

satisfies
«requirement» Power

Block Definition
Diagram

ibd [block] PowerSubsystem

«part»
bkp : BrakePedal

«part»
ice : InternalCombustionEngine
ctlPrt

trsmPrt : Torque

ftPrt : FuelFlow

«part» 4

fi : FuelInjector

«part»
fr : FuelRegulator

ctlPrt

trsmPrt : Torque

ftPrt : FuelFlow

«part» 4

fi : FuelInjector

«part»
fr : FuelRegulator

«part»
trsm : Transmission

icePrt : TorqueicePrt : Torque

«part»
ecu : PowerControlUnit

allocatedFrom
MeasureVehicleConditions ()

icePrticePrt

«part»
ft : FuelTankAssembly

icePrt : FuelFlow
«part»

fp : FuelPump

icePrt : FuelFlow
«part»

fp : FuelPump

I_ICECmds

I_ICEData
I_ICEData

I_ICECmds

g1 : Torque
«ItemFlow»
g1 : Torque
«ItemFlow»

fuelSupply : Fuel
«ItemFlow»

fuelReturn : Fuel
«ItemFlow»fuelSupply : Fuel

«ItemFlow»

fuelReturn : Fuel
«ItemFlow»

allocatedFrom
«Activity» ProvidePower

Blocks/Parts/Interfaces
Internal Block Diagram

Inactive

Idle

Braking
Entry /applyABS

Active

Idle

Braking
Entry /applyABS

ac tivateA B S /runs Chec k

bra k eO n/ brak eO ff/

[c hec k s  ok ] /

[c hec k s  fa il] /

dac t ivateA B S [s peed =  0]/

A BS fault/
notify  AB S  fault

stm [block] BrakeSubsystem [ABS states]

Interaction
State Diagram

:HybridSUV
ref Start Vehicle - white box

Driver

driver starts vehicle turn key

ig:IgnitionSubsystem
«part»

bk:BrakeSubsystem
«part»

p:PowerSubsystem
«part»

detect key turn turn key
activate ABS activateABS
get reply ABS_status = activateABS {20ms} 

if reply ok
power up

max {100ms}

powerUp
end alt

if reply ok
power up

max {100ms}

powerUp
end alt

power up

max {100ms}

powerUp

max {100ms}

Scenario
Sequence Diagram

par [block] PowerSubsystem [Fuel Flow]

fc : FlowConstraint

constraints
{flowrate=pressure/(4*demand)}

demand : Real

flowrate : Real pressure : Real

demand : Real

flowrate : Real pressure : Real

PowerSubsystem.ft.fp.flowRate : Real PowerSubsystem.ice.fr.fuelPressure : Real

PowerSubsystem.ice.fi.fuelDemand : Real

Constraints / Performance
Parametric Diagram

Accelerate

«continuous»
drivePower

transModeCmd

«continuous»
drivePower

transModeCmd

PushAccelerator...
ProvidePower

MeasureVehicleConditions

accelPosition
«continuous»

vehCond
«continuous»

allocatedTo
«ItemFlow» g1

Activity Diagram

Driver

Drive the
Vehicle

Start Vehicle

Cold Start

Warm Start

Accelerate

Brake«include»

«include»

«extend»

«requirement»
Acceleration

uc Operational Use Cases

HybridSUV

«refine»

Use Case Model

High-Level
Requirements

Test /Plans
Scripts

. . .

“ilities”
Fault Tree Next-level of Requirements

Requirements Diagram



SERC 2020 Mark Blackburn, PhD 17

“Full Stack” of Models using Digital Signoff for Transformed 
SETR Criteria Represented in a Model

System
Model

Mission
Model

RFP Response
Model

SRR-II
Model

Instance of
SRR-II Model

Reference models characterize reusble information and process

NEW: Instance of
Airworthiness Model

Airworthiness
Model

CDRLs
Model

Uses

Skyzer

SFR
Model

CBT&E / MBTD
Model

MBTD Process

NEW: Instance of 
CBT&E / MBTD Model

UPDATE: RFP Evaluation
Model

Process, Information model & 
View/Viewpoints for V&V

Requirement for MIL Std. 516C 
tailored to program

More…

Calculates Performance
Margins for KPPs in RFP

Models SETR criteria with Digital 
Signoff for SRR baseline

Subsystem
ModelSubsystem

ModelNEW: Landing-Gear
Subsystem Model

…

Using and Tailoring
Reference Models 

UPDATE: NAVSEM 
Model

NAVSEM Compliant

}

UPDATE: “Full Stack”
NEW: Reliability and

Maintainability

NEW:
L&R Sys

Model
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Model Organization –
All Models Linked to Establish Authoritative Source of Truth
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Leverage Capabilities of OpenMBEE as Part of 
Integrated Modeling Environment

Model Development Kit/DocGen
View and Viewpoint Hierarchy

Model Management System

View Editor

Visualization in
View Editor
(allows edits to 
be pushed back

into model)

NAVAIR Public Release 2017-370.  Distribution Statement A – “Approved for public release; distribution is unlimited”
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Elements of Authoritative Source of Truth
20

Government-side of Authoritative Source of 
Truth (AST) for Surrogate Pilot

View 
Editor*

MMS*

Teamwork 
Cloud

Cameo
Collaborator

IoIF**

OpenMBEE*
• Model Management System (MMS)
• View Editor
• Model Development Kit (MDK)/DocGen
**Integration and Interoperability Framework

View 
Editor*

MMS*

Teamwork 
Cloud

Stevens**

IoIF**

No Magic
Clients with

MDK/DocGen*
(all team members)

Users
Anywhere

Amazon Web
Services (AWS)

Model
Center

Other
Tools

& 
Simulation

View 
Editor*

MMS*

Teamwork 
Cloud

Surrogate Contractor+

IoIF??
Internet

Activate+

MDAO+

CAD/CAE+

Inspire 
Unlimited+

Other+

Display
Manager+

Docker Installer
(script installs
OpenMBEE)

NAVAIR Public Release 2018-194.  Distribution Statement A – “Approved for public release; distribution is unlimited”
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Navy 
Standard

Example View and Viewpoint Hierarchy Used by DocGen

View and Viewpoint Hierarchy

Views define “Document” 
Structure

View 
exposes 
Model Elements

Viewpoints 
is “program” to extracts 
specific information from 
exposed model element to 
generate View
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Models Need to Produce Artifacts/Work Products for 
NAVSEM Method

System
Model

Mission
Model

RFP Response
Model

Uses

Subsystem
ModelSubsystem

Model

NEW: Landing-Gear
Subsystem Model

…

NEW:
L&R Sys

Model

Investigating ICF Mission Engineering
Schema as basis of method artifacts

NAVAIR Public Release 2020-280. Distribution Statement A – “Approved for public release; distribution is unlimited”
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Update View and Viewpoint for Skyzer System Model

NAVAIR Public Release 2020-280. Distribution Statement A – “Approved for public release; distribution is unlimited”
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View and Viewpoint from Inside Model

NAVAIR Public Release 2020-280. Distribution Statement A – “Approved for public release; distribution is unlimited”
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Example: View Editor shows Skyzer Mission Model View

Model information
can be “edited” in

View Editor (e.g., by SME)
and pushed

back into Model
(Fundamental to AST)



SERC 2020 Mark Blackburn, PhD 26

Mission Requirements Refined into Behaviors and Analyzed 
through Simulations in Skyzer System Model

• State Machine Simulation in System Model supports analysis for 
understanding/visualizing dynamic behaviors – getting the right model and getting the 
model right
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Skyzer Mission and System Requirements Traceability in 
Skyzer System Model

Mission
Requirements

System
Requirements

Traceability
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RFP Response Extends and Refines Skyzer System Model 
provided by Government as GFI
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View of RFP Response Hyperlinks to Discipline-Specific Models 
Provided in Generated View
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Surrogate Pilot RFP Response in View Editor
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Views Provides Hyperlinks into 
Discipline-specific Models and Simulation Analyses

• Research currently investigating how to do reviews and Digital Signoffs in Model for 
Transforming CDRL/DIDs
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Transform CDRLs and DIDS using Digital Signoff in Model 
Through View Editor

1) Enable Editing
2) Add Risk
3) Add Approval

Status 
4) Template tailorable

Digital Signoff get 
“pushed” back into Model
(continuing theme of AST)
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Digital Signoff for SRR-II Criteria in Skyzer RFP View

Criteria in existing
NAVAIR Systems Engineering

Technical Review (SETR) for SRR
(can Digital Signoff subsume SETR)

Model artifact
provides

evidence for
SETR criteria
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Digital Signoff of Source Selection Technical Evaluation Done 
In the Model that is Part of Authoritative Source of Truth
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Use Case Entities (Full Stack v1) Represented 
in SysML Model (See Strike Cannon System)

“F
ul

l S
ta

ck
”

UNCLASSIFIED              Distribution Statement A: Approved for public release.  Distribution is unlimited.
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Use Case “Full Stack” (Update)

CONOPS

System Model
(with displayed 
example model 

elements)

Separate SysML
Analysis Model

(by John D.)

Created
Mission Model

(using custom profile)

Reference Architecture 
(no longer based on 
ASRM/NAVSEM)

Is this a 155 
or 105? 
Shawn gave 
curves 
reference for 
105mm

This should 
be changed 
to cartridge  
(if 105mm)

UNCLASSIFIED              Distribution Statement A: Approved for public release.  Distribution is unlimited.
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Use Case Designing System

• Used 
Tools:

Protegé

OpenMBEE

Magicdraw/Cameo

IoIF

Jupyter NotebookModelCenterMatlab/Simulink

ANSYS

Unity 3D

UNCLASSIFIED              Distribution Statement A: Approved for public release.  Distribution is unlimited.
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Systems Engineering Technical and 
Management Plan Model (Task 15)

Formalizes Task 
Interrelationships
and Dependencies
in a SysML model

Provides systematic
approach to capture
accomplishments for 
assignments that
get “pushed” back into
model from View Editor

Used to automatically 
generate bi-monthly status

Allow sponsor comment
directly in the View Editor

Project measures
generated into View Editor

Proposal representation of
Task Dependencies
in Backup

UNCLASSIFIED              Distribution Statement A: Approved for public release.  Distribution is unlimited.
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• Goal 1: Formalize the development, integration, and 
use of models to inform enterprise and program 
decision-making. 

• Goal 2: Provide an enduring, authoritative source of 
truth.

• Goal 3: Incorporate technological innovation to 
improve the engineering practice.

• Goal 4: Establish a supporting infrastructure and 
environments to perform activities, collaborate, and 
communicate across stakeholders.

• Goal 5: Transform the culture and workforce to adopt 
and support digital engineering across the lifecycle.

Review: Five Goals of the Digital Engineering Strategy*

* Department of Defense Digital Engineering Strategy, June 2018
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Interrelationships Between Strategic DE Goals 

• Technical Innovation provide enabling technologies (Goal 3) that impact other goals
―“Better” Descriptive Modeling technologies and methods for mission and system
―MBSE strengthens Systems Engineering
―Semantic web technologies (ontologies and reasoning)

• Using Authoritative Source of Truth (Goal 3 enabling Goal 2)

• Access and Visualization in Collaborative Environment (Goal 4)

• Model-enabled Decision Making (Goals 2 & 4 enabling Goal 1)

• We have examples for all of these, and those examples are being turned into Workforce 
Development training/examples (Goal 5) demonstrating the art-of-the-possible.
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Digital Engineering for Systems Engineering Roadmap
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Thank you!
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School of Systems & Enterprises

Systems Engineering Research Center
Stevens Institute of Technology


