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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 Georgia Tech, Stevens, 
SERC, or 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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Research Tasks and Collaborator Network
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Outline

• Context on NAVAIR Systems Engineering Transformation

• Overview of using Digital Signoffs as a new type of 
Digital Engineering Competency

• Use Skyzer UAV for Search and Rescue Mission for use case

• Mechanics for using Digital Signoff in View Editor web browser

• How Digital Signoff created in a descriptive model (e.g., SysML)

• Measure and metrics using Digital Signoffs

• Example Digital Signoffs used in Video
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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 focused is on Characterizing
Assessing, and Refining SET Framework for Model-Based Acquisition

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

• Continuous insight/oversight via digital 
collaborative environment and interaction 
with the Single Authoritative Source of Truth
(”A design review a day”)

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
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INSIGHT/OVERSIGHT

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

SET
Framework

Concept
Initially

Rolled Out
2016

(D. Cohen)

CDRL: Contract Data 
Requirements List
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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 (L&R) 
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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• MBSE Strengthens Systems Engineering 
(Goal 3)
― Represent Structure, Behavior, Interfaces, 

Requirements and related interactions
― Can characterize different levels of abstraction 

– Mission, System, Subsystem where different 
types of methods are needed

― Can generate “documents/specifications” 
based on stakeholder-relevant views

• Need to formalize representation that links 
information in an Authoritative Source of 
Truth (Goal 2 – distributed like Internet)

• Need computing infrastructure to access 
and visualize on need-to-know basis (Goal 4)

• Need to semantically link information from 
different modeling levels and types to 
enable tradespace analyses and decision 
making (Goal 1)

Context Related to 
DoD Digital Engineering Strategy Goals

Extending the DoD Digital Engineering Strategy to Missions, Systems of 
Systems, and Portfolios 
P. Zimmerman, T. Gilbert, J. Dahmann
22nd Annual NDIA Systems and Mission Engineering Conference Tampa, 
FL| 23 October 2019 
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Skyzer Demonstrates Modeling Methods for SET 
Framework Elements at Different Abstraction Levels

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

El
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en
t 2

El
em

en
t 3

El
em
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t 4

Discipline-Specific Models
(Mechanical, Electrical, SW)

NAVAIR Public Release 2017-892.  Distribution Statement A – “Approved for public release; distribution is unlimited”
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14: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

2: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

4: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

5:Blocks/Parts/Interfaces
Internal Block Diagram

Inactive

Idle

Braking
Entry/applyABS

Active

Idle

Braking
Entry/applyABS

activateABS/runsCheck

brakeOn/ brakeOff/

[checks ok]/

[checks fail]/

dactivateABS[speed = 0]/

ABSfault/
notify ABS fault

stm [block] BrakeSubsystem [ABS states]

8: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}

7: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

9:Constraints / Performance
Parametric Diagram

Accelerate

«continuous»
drivePower

transModeCmd

«continuous»
drivePower

transModeCmd

PushAccelerator...
ProvidePower

MeasureVehicleConditions

accelPosition
«continuous»

vehCond
«continuous»

allocatedTo
«ItemFlow» g1

6: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»

3:Use Case Model

1:High-Level
Requirements

10:Test /Plans
Scripts

. . .

12:“ilities”
Fault Tree 13:Next-level of Requirements

Requirements Diagram

11:Multi-Physics Analysis

MBSE Artifacts – More than just Requirements



DAU / SERC WRT-1018 Mark R Blackburn, PhD 11

“Full Stack” of Models using Digital Signoff

Skyzer
System
Model

Mission
Model

RFP Response
Model

SRR-II
Model

Instance of
SRR-II Model

Reference models characterize reusble information and process

Instance of
Airworthiness Model

Airworthiness
Model

Uses

Skyzer

SFR
Model

CBT&E / MBTD
Model

Instance of 
CBT&E / MBTD Model

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

ModelLanding-Gear
Subsystem Model

…

Using and Tailoring
Reference Models 

NAVSEM 
Model

NAVSEM Compliant

}

“Full Stack”
Reliability and
Maintainability

L&R Sys
Model

Cost
Model
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Digital Signoffs Leverage 
Capabilities of OpenMBEE

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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Enabling Elements of Authoritative Source of Truth
13

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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Digital Signoff Uses and Scenarios

• Digital Signoffs provide a means to continuously and 
asynchronously approve the developed model artifacts that 
comply with recommend methods for MBSE

• Digital Signoffs provide a means to transform from traditional 
document-based reviews and signoff processes by locating signoff 
with modeling artifacts that satisfy analysis or design criteria

• Digital Signoffs can be approved by Subject Matter Experts (SME) 
directly in web-based browsers (e.g., View Editor) reducing the 
need for SME to have expertise in a model-authoring client (tool)

• Digital Signoffs are template-based allowing for tailoring such as 
having two approvals

• Digital Signoff measures & metrics can be collected automatically
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Models Methods Guide Production of 
Artifacts/Work Products for NAVSEM Method

Skyzer
System
Model

Mission
Model

RFP Response
Model

Uses

Subsystem
ModelSubsystem

Model
Landing-Gear

Subsystem Model

…

L&R Sys
Model

NAVAIR Public Release 2020-280. Distribution Statement A – “Approved for public release; distribution is unlimited”
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DocGen Generated View Hierarchy to Comply 
with NAVSEM System Model Step 3.0 and 4.0

Skyzer
System
Model

Mission
Model

RFP Response
Model

Uses

Propulsion
Subsystem Model

Landing-Gear
Subsystem Model

…

L&R Sys
Model

NAVAIR Public Release 2020-280. Distribution Statement A – “Approved for public release; distribution is unlimited”
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DocGen Generated View for Skyzer System 
Model with Digital Signoffs

NAVAIR Public Release 2020-280. Distribution Statement A – “Approved for public release; distribution is unlimited”
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Digital Signoff for Operational Scenario 
Applicable to System

1) Enable Editing
2) Add Approval 

Status 
3) Add Risk Digital Signoff get 

“pushed” back into Model
(continuing theme of AST)
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Digital Signoff Are Placed in View Hierarchy 
With Model Artifacts that Should be Exposed

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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Digital Signoff for Subject Matter Experts
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Digital Signoff In View Editor for Subject 
Matter Experts
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Digital Signoff are Template-Based and Can 
Have Multiple Approvals
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Digital Signoff Can Align with Traditional
Baseline Criteria (SRR-II) 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

RFP: Request for Proposal
SRR-II: System Requirement Review
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Digital Signoff for Source Selection Technical 
Evaluation Done In the Model
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Used Hyperlinks to Discipline-Specific Models and Researching 
How to Create Digital Signoffs for these Analyses & Tools
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Need for Further Maturity/Assessment

• We still have to formulate the various categories of Digital 
Signoffs – and associated templates to support them

• We have to formulate the set of Digital Signoffs that would 
represent classical baselines at key review points such as the SRR, 
PDR, CDR, TRR, and so on

• We have to investigate the measures used to create 
Digital Signoff Metrics



DAU / SERC WRT-1018 Mark R Blackburn, PhD 27

Continuous Updates of Discussion Threads Provided 
on Public All Partners Network

27

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

306 Member as of 7/7/2020 • 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/

Digital Signoff Video with Overview: http://www.markblackburn.com/MBSE/WRT_1006_Digital_Signoff_Video_4_29_2020.mp4
Digital Signoff Video Example: http://www.markblackburn.com/MBSE/Digital_Signoff_Example_July_2020.mp4

http://www.markblackburn.com/MBSE/WRT_1006_Digital_Signoff_Video_4_29_2020.mp4
http://www.markblackburn.com/MBSE/Digital_Signoff_Example_July_2020.mp4
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Thank you!

Dr. Mark Blackburn
Dr. Benjamin Kruse
Dr. Cliff Whitcomb

Marlin, Ballard, PhD Candidate
Adam Baker, PhD Candidate
Wil Stock, Graduate Student

Systems Engineering Research Center
Stevens Institute of Technology

Naval Postgraduate School
Georgia Institute of Technology
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