Welcome to the Webinar! Please note that we have moved to the ZOOM
platform. Please join ZOOM audio (Voice over Internet) if you are able to
connect. Otherwise, please see the webinar invitation for dial-in phone lines
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Data-Driven Systems Engineering
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To provide a forum for
experts in the field of
Systems Engineering to
present information on the
“‘State of the Art”

To explain how INCOSE
works, and how to make the
most out of INCOSE
membership



§‘ You can claim 1 PDU credit

towards your INCOSE Systems
l v/ E Engineering Professional
_ (SEP) renewal by attending this
s..g_.._",v’ entire webinar.

I N COS E Live attendance at the
webinar: "Attend non-peer-reviewed
Professional Technical Society

Systems Engineering Eligible Sources | P .
Professional PDU ' To Claim PDU Watching a recording of the webinar:

"Consume SE-related media,
Cred it or audio."

including journal article, book, video,

For more information about INCOSE INCOSE webinars may also .

certification renewal, including PDU apply to the PDU requirements Claim PDUs for
categories and limits: of other organizations, TR
http://www.incose.org/certification/Cert depending on the subject Other certifications

Process/CertRenew matter.
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Choreography INCOSE

1.Andy Pickard (your host) will introduce the Webinar and the speaker

2.Steve Dam will speak for about 40 to 45 minutes

3.During his talk, participants can write questions using the Zoom Q&A
window

4.After Steve completes his talk, he will spend 10 minutes answering
guestions that Andy selects from those submitted by the audience

5.Andy Pickard will provide information about upcoming Webinars and then
end this session

6.This Webinar is being recorded and will be made available on the INCOSE
website to members and employees of CAB organizations




Data-Driven Systems
Engineering




INCOSE Vision 2035

* In this document, they state:

* “The future of Systems Engineering is Model Based,
leveraging next generation modeling, simulation and SYSTEMS ENGINEERING

visualization environments powered by the global
digital transformation, to specify, analyze, design, and V I SI O N 2 0 3 5

verify systems.” Vision 2035 p.30

ENGIMEERIMG SOLUTIONS FOR A BETTER WORLD

 Someone asked me at the 2022 International
Workshop what | thought.
* lanswered, “One thing | know for sure is we won’t be
calling it MBSE!”

e But that begged the questions: What next?
What’s wrong with MBSE? How do we need
systems engineering to evolve beyond MBSE?

* To answer these questions, let’s look at the
current state of MBSE.

@ INNOSLATE®



Current State of Systems Engineering

Since 2007, focus has been on moving from document-based
systems engineering to model-based systems engineering.

* INCOSE’s Definition of MBSE: “Model-based systems engineering (MBSE)
is the formalized application of modeling to support system
requirements, design, analysis, verification and validation activities
beginning in the conceptual design phase and continuing throughout
development and later life cycle phases.”

Many practitioners in our community moved to an object-

oriented approach for systems engineering (SysML), which is

based on a software engineering technique: Unified Modeling

Language (UML).

* Part of the justification for this was that we needed to establish better
communications with software developers.

However, the software community has moved away from UML
since (at least) 2004. They have adopted Agile Software
Development techniques that rely on functional requirements
provided by systems engineering, not diagrams/models.

® Unified Modeling Language

AAAAAAAAAA
Programming language
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Google Trends. Accessed 8/4/2023
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OSD’s Initiative: Systems Engineering Modernization

* The Department of Defense (DoD) Office ‘
of the Under Secretary of Defense (USD) Integrating Modern Practices
for Research and Engineering has |
identified a number of “systems
engineering practices” that require
“integration.”

* The objective is to “modernize systems e [
engineering to support the delivery of
capability to meet mission needs.”

* Congress also has provided legislative
direction in four of these practice areas:

* Digital Engineering

Distribution Statement A; Approved for public release, Distribution is unlimited.

[ ) MOS A :;D Jﬁji Z(EJZ‘l\"rrtLIEI et https://www.cto.mil/engineering
* Mission Engineering Root Cause of this problem: Lack of tool
* Agile Development interoperability between disciplines

@ INNOSLATE® n



SE Modernization—SERC ‘s View

From https://sercuarc.org/systems-
engineering-
modernization/?utm_source=newsletter&utm
medium=email&utm_content=Systems%20Engi
neering%20%28SE%29%20Modernization&utm_c
ampaign=SERC%20UPDATES?%20JUN%202022
accessed 6/22/2022

... this view
emphasizes the DE
transformation
using a layered
model with data
storage and
transformation at
the core...”

NOTIONAL VIEW: FULL SE
MODERNIZATION LIFE CYCLE

* Cyclic nature of modern SE
* Still milestone-based v
SE core principles in every Acq pathway
Flexible system life cycle entry points: ﬂ__‘,>

Learn-Build-Measure (MCA)

Build-Measure-Learn (Mid-Tier, SW, UON)

Measure-Learn-Build (Sustainment)

* Continuous lterative Development

processes (around the circle)

* Continuous Data Management and
Transformation processes (at the core)

st, Evaluation, Support
Data & Models

ot MCA Pathway
Sus’(ﬂ.‘“me | -
1
g S\)VPOR o ~, UON Pathway
\ i
IASZ Y'S\o w“\a“‘ Ovcmﬂga
O &
Oqé. ‘9°é‘&0"b' \  SW Pathway
o‘p\ N oft |
& 0 | i .
. &£ & ;\dﬂf Speiilionat Moy, Solution
o . . o > | %
-~ O .0 (e} Lo o
~ P Py el .
< g S o Q |
> 8y &
z MTA Pathway
& Data
& - Storage
Layer

o 7; \o‘
nsformatio™

S)’Sfem Mode“s

Milestone
S \5 Decision Point:
sciplinary Mode Development

Not complete.
May be different flavors
for each pathway.

To implement this approach, we need to be data-driven in systems engineering.

aka “The Bomb Cyclone Diagram”

Systems Engineering Research Center (SERC)
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What's Data-Driven Systems Engineering (DDSE)?

To integrate the “modern engineering practices,” we need a common language, not just a set
of models

By using a language-driven approach, we can focus on the data and less on the form ("model”).
This data-driven approach needs a new way to think about systems engineering (DDSE).
The Lifecycle Modeling Organization (LMO) defines DDSE as:

* “the formalized development, exchange, correlation, validation and verification, and management of data,
derived from multiple sources, processes, and tools to support system design and analysis, throughout all
phases of the system lifecycle.”

This definition refocuses us on the underlying basis for systems engineering.

* Design engineers get clear, easy-to-understand requirements (data).

* Decision makers get the information (data) they need to make good decisions.

Fortunately, a language already exists to meet this need: the Lifecycle Modeling Language
(LML).

@ INNOSLATE®



MODELING
LANGUAGE

Lifecyde Modeling _.dNguage (LML) M! LIFECYCLE

LML was developed by a group of systems engineers who
realized that SysML was not meeting the needs of the
systems engineering and program management
communities.

LML is currently managed by the not-for-profit, Lifecycle
Modeling Organization (LMO).

The Steering Committee is led by Dr. Warren Vaneman,
USN CAPT (retired) and Professor of Practice at the Naval
Postgraduate School (NPS).

LML is taught in over 200 universities around the world,
including MIT, George Mason University, Stevens Institute
of Technology, West Point, NPS, and Air Force Academy. Vpte e S

Jerry Sellers, Ph.D.,

and Steven Dam, Ph.D., ESEP.

LML is easy to learn, use, and extend.

Visit http://www.lifecyclemodeling.org.

LML has proven to provide a strong ontology for systems engineering and program
management and forms the basis for Data-Driven Systems Engineering (DDSE).

@ INNOSLATE®


http://www.lifecyclemodeling.org/

LML Overview

* Asimple, easy to use set of classes
(nouns)

* Maps to DoDAF, UAF, SysML, BPMN, etc.

e Connected by two-way relationships
(verbs)

* Easily extended

e Contains data elements for all the SE
Modernization practices

Action Diagram
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How Do We Implement DDSE?

* Since we need to cover all aspects of systems engineering in a data-driven approach, we
need tools to support this activity. This is necessary as we cannot maintain this vast
amount of data without using database technologies.

* Those tools should include requirements analysis, functional/object analysis, modeling
and simulation, verification and validation, risk analysis, cost analysis, and schedule
analysis as a minimum.

* The tools should also support modern computer architectures, with cloud computing
being the most common today.
* Secure clouds are currently available at all levels of security for any Department or Agency.

* The tools also need to have an open architecture to enable easy movement of data
between tools, as we cannot expect the world to adopt only one tool!

* So, let’s look at tools today.

@ INNOSLATE®



Today’s Systems Engineering Tools — All
based on 20" Century Technology

Difficult The Models Do Lack of
to Use Not Execute Collaboration
= Learning full SysML/UML = Lack of built-in variance = Focus is typically only on = Model conflicts during commits
often takes months simulation (Monte Carlo drawing models (no real-time collaboration)
= Dozens of options are present Simulation) ® Most organizations use = Models typically only
on many views = Activity Diagrams do not have additional tools for communicate to the SE domain
= Drawings usually must be to be executable requirements management, = Server collaboration software
redrawn (ex. the Sequence, test management, and Monte often does not scale and users
Activity, and BDD) Carlo simulation suffer long download/commit

= Required desktop software times (>20 min)

installation to modify the
models

Is there a set of tools that can meet this need?

@ INNOSLATE®
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Innoslate™R — A 215t Century Solution

Simplicity

Common options
at the forefront

Primary tool language is
easy to learn (LML)

Works with no
installation, in a web
browser

Autogenerated diagrams
and dashboards
(concordance)

Collaboration

Real-Time Collaboration
(Group Chat/Real Time)

Easy Communication to
other stakeholders (not
just SEs)

Proven Model-Based or
Data-Based Review
(MBR/DBR) capability

Accuracy

Full Discrete Event
Simulator which simulates
cost, schedule, and
performance is integrated
into the Action Diagrams

Full Monte Carlo
Simulator to simulate
variance

NLP/ML for Requirements
Quality and Traceability

Intelligence View

Scalability

Tested to over 10 Million

entities and 500
simultaneous users

Cloud hardware auto-
scales

Software designed to
scale

Lifecycle
Management
Support

Full requirements analysis
and management
capability with
Requirements View

Full modeling capability
(SysML/LML/IDEFo)

Test Center (Test Suites
and Test Cases)

Documents View
(CONOPS, Project Plan,
and Test Plan)

» First release: 2012
» Cloud-Native

» AI/NLP

> Agile

Interoperability

= Automatically generate

and/or use other
representations (SysML,
DoDAF)

= Import from other RM

tools (IBM DOORS CSV
and ReqlF, Excel CSV)

= Integrations with STK,

MatLab, and GitHub

= OpenJava, REST, and

JavaScript APIs

@ INNOSLATE "
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Sopatra is a digital assistant that

will convert text to an LML Action Diagram

Sopatra™

and execute the simulation automatically

to check all possible paths

We designed Sopatra with the overall goal to through the procedure.

demonstrate the improved creation of Standard

Operating Procedures (SOPs) by the automated
creation and verification of SOPs using a digital

assistant (DA)
* Uses Natural Language Processing (NLP) for interacting with the A SOPATRA@‘ App;fbﬁed SOP
systems engineering development environment (i.e. creating the T p— | =

Text SOP to

. Qngmal SOP NLP Processing _iu nfti?nal Model N
behavior mOdeI) (formatted) Conversion of mE =3 swmew R Geg(e);ate
: Model :

* Provides configuration management and revision management of

SOP Approval/-

massive models Supporting Documents Modifications
* Develops executable simulation of the behavior model Input Devices

Model Analysis
Output Displays

° Built on InnOSIate® Time Distribution Database Simulati = i) i
Imulation ) LHIRRglN ||| 8
Analysis E SH"’E‘”M*H"Il simulatedi]
I... *Simulated Human

Performance Metrics

Acronyms

Standard Operating Procedures Advanced Technology and Requirements Analysis ﬂ SOPATRA®



Ansys

* The Ansys tool suite is the “gold standard” of
design engineering tools.

* With their recent acquisition of AGI, they
brought the premier geospatial analysis tool
(STK) into their toolset.

B r[teata]

1. Bz 0L
LR Lt B
1.3 5 Te -0

B.4ETep-D03
3.7 iTEc-003

 With the recent acquisition of Phoenix S| =ik
Integration, they brought an amazing way to .= ' ; e
integrate a variety of common modeling and
simulation tools — ModelCenter.

* They are exploring what they can do to cloud
computing environments, however, for
systems engineering, we need to mostly be
concerned with providing the design
engineers with good requirements and
receiving the results of the design
engineering activities.
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nnoslate Integrates Systems Engineering Activities Across the Entire Lifecycle

B Manage Documents Dashboard

Sopatra Project Dashboard
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SPEC Innovations is an Ansys Partner

Innoslate’s Digital Ecosystem

1.7
(&

Translation i

g
8

&

Innoslate® provides a
complete DDSE/DDE Current Operations

Future Operations Demolition

and Maintenance , Ej and Maintenance and Disposal
environment. %
. . ' Goals of
A JWA is used to interface Integration:
between the Innoslate 1) Use data to
R create
cloud tool and desktop B ey ey o & i information
tools. = e < LabView between tools;
_ 2) Minimize data
a duplication

We have directly integrated | === between tools.

a number of key design L Irosiel o

engineering technologies to S  orac <ot PR(:%AM MANAGEMENT
'Software

complete the digital thread. o gl ition

Several other tools are

being added to enhance 1.1
Ansys Tool Suite

the current capability.
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Innoslate Uses a MOSA Architecture

Plugins are viewpoints of the Innoslate
database.

Plugin features:

* Not a standalone application (requires Innoslate
Core)

* All authentication is through Innoslate Core with
the options for:
e Single-Sign-On CAC (Default)
* Native Email/Password (Optional)
e LDAP (Optional)
* All data is stored in the U.S. Government

managed SQL database using Innoslate Core
(no data lock).

* Innoslate REST API facilitates plugin data
exchange.

(ibd [Model] Model [Innoslate Modular Archi e] )

Sopatra Plugin Ul Innoslate Plugin Ul

- ) L J

—
AJAX AJAX

HTTPS HTTPS
REST REST

Innoslate REST API

Microsoft SQL Server

Modular Open Systems Approach (MOSA) Architecture
Enables Architecture to Operations (DEVOPS)

@ INNOSLATE®



Innoslate v4.4
* Released in January 2021

* Provides capability to
interface with MATLAB
and STK through scripting
APIs for co-simulation

* Only a small amount of
code is required due to
the added APIs performing
most of the work for the
user.

* Information can be easily
passed to and from design
engineering tools and
Innoslate’s discrete event
simulator (Enterprise only
feature) using this
mechanism.

O i +I
& ",
.I‘ *
+ *a,
5

1.2 1.1

Action Diagram
interacting with
STK and
MATLAB

STK Rover — MATLAB F{over @
Function Function

<[> Edit Script

Script

B G B W R
1

MATLAB Rover Function Script

New APIs: matlab.post and matlab.get

& 30 Graphics 1- Moon

== |

HNe PE, P-EEeS-AsrE @

Fover TopoCentric Axes
21 Oct 2020 '16:90:66.060

Time [Ste|

STK Rover Model with
Search Pattern and

Communications Satellite
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Innoslate v.4.4 (continued)

GitHub View provides the capability to
directly interface with GitHub using a
special set of dashboards.

Provides entire viewpoint to enable
program managers and systems
engineers to more effectively monitor
software development progress and
capture results

CAD Viewer provides the capability to
view CAD files and convert CAD data
into Innoslate objects/BOM.

Added other filetypes: GLB, gITF, 3DS,
PLY, and ZIP (with OBJ and MTL
combined)

CAD Viewer -

Not depicted: GitHub Issues
Tracker, Pull Requests, Repository,
and Commits views

GitHub
View

Qverview

mmmmmmm

mmmmmmmmmmmmm

----------------------
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Innoslate v.4.5
Released September 2021

Enhanced Action Diagram
Updated Simulators

Program Management

Dashboard

* Kanban Boards
e Calendar View

* Gantt Chart

Branching & Forking

Class Diagram Generator

Equation Editor

And many bug fixes

22 23} 24

25

Original
code

Follow-Up Demo with Customer

| Kanban for Proposal Design

Operation Atibute
{Action) (Characteristic)
Input Parameter Retum Type
(mputOutput) mpubOuDuY)
Class.
(Asset)
e xagam
Pérson Ciass Diagram
Auto-generated Class Diagram for Person java

€Back @open- LRepois- D

Parson

operit
getrirstName :

getLasthame ;

Student

lastName: String
studentid int

Opestios
getiestiame s String
gettastame  string
getstudentid: int
Student (String, String. int)

&

Resulting Class
Diagram

s
string

firstame: string
lasthame: String

Sperins
Employes ( String, String)
getFirstname : String
|estiastiame  stnne |

Cpran
addProject { Siring ) void
ComputerscenceStudent Siring. String, int )
Esthrojects: ArrayListestring>

|study: void

gines: ) SystemsEnginesr
s e

APLKEY: long siagrams: Mapeinteger.string>

I Tperosirs | MAX_SIZE: int

getapiKey : lang g

|Softwaretngineer ( String, SmngJJ sddTabisgram { Integer. String):

& | @actonTace30 & B X 2CostOverTime A 1 Project Alph =
ol Cost Wake Robo! [ R — 05 Project Alpha Child 2
%] commang
r/ ; 5 ~— 2 Project Alpha child 3
& Export Results ) /
B VI Branching & Forking
o 2 4 o n
Tima (hoirs)
Differences
% Gantt Chart —Nvaaiax s A% @l Time
. . « bour .o [Lwe | mw 0z | oam Moo | s | | Changes @
S S T SN £ o) 3 ) [ S 5 P EE P P
] Number Name Updates
7 |wakaromt | a22nou
- | | 10.24 houry .. . R—
100% 2 3 New Boat « relates sef fo 2 New Car
2 Receive User... | 1.00 hours el
Complete
n Periorm User | 377 hours ] &
4081 | SlespRatot | 126hours
v
1 Column (2 2 Other Column (0
< ALIgUSt 2021 @3 Q > Events on Tuesday, August 31, 2021 ( ) ( )
Sun Men Tue Wed Thu Fri Sat September Sprint Planning & 1 My Task o
1 2 3 4 5 6 7 ‘Start Time: 12:00 AM
Demo with Customer Last Modified: August 171, 2021, 9:37 AM Description:
Project Proposal This is my task description
Remaining bug fixes for the next release and other prep... &
Assignees: “patrickharimann, reviewerguy" Due: September 15th, 2022, 500
g 12 13 ia Due At: 12:00 P PM
P M D as h b oa rd 1.1 EOW Report Rent Payment Compieted 0%
Last Modified: August 23rd, 2021, 12:36 Ph 0% Completed
15 16 17 19 20 21 @=

2 My Other Tas 2 My Other Task ?

Due: March 5th, 2019, 9:00 AM
Due: March 5th, 20

o 50% Completed
50% Completed

Kanban Board
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Innoslate v.4.6
Released May 2022

New widgets for Project and
all other dashboards

Updated dashboards for all
views, including Admin
dashboard

New Intelligence View User
Interface

New relationships panel tab:
Active (replaces “popular”)

Enhanced Guided Tour
Many minor enhancements

And over 500 issues resolved

SPEC Innovations

Project Dashboard

5% Action Diagram

RM.1 FireSAT Design Reference Mission (DRM) (U)

2 Comments Feed
e stevendam
411612022
e stevendam
4/16/2022
e stevendam)
4/16/2022
e stevendam)
4/16/2022

M. stevendam

Remove "Import Java" button

SPEC Innovations / Complete FireSAT Model

{F Intelligence Dashboard

L Bar Chart Wid|
% Overall Analysis

Tests Passed: 10
Tests Run: 50
Global: 0% (0/5)
Action: 8% (1/12)
Asset: 9% (1/11)
Conduit: 33% (2/6)
Input/Output: 42% (3/7)
Requirement: 33% (3/9)

Lt Bar Analysis

M Errors [ Warnings

change relationship default name to "Entity A relates to

Pass Rate: 20%

Dashboard Updates b ity Fo
) stevendam updated All Risks

« Risk Diagram has been Updated

e stevendam updated Mass. 1
° stevendam updated Mass.0

e stevendam updated Mass.0

4 send Feedback BB Entity Table
We're always looking for ways to improve Innoslate. Please send us your feedback.

Number  Name
Your Message

MN.1.2___Provide

{J Intelligence = €

== Global Analysis = Asset Analysis

Entities with similar names 2] Assets that do not have a noun phrase

Entity names that do not begin with a capital letter @

Assets with more than one parent

Numbers that are not unique within a class

s New Intelligence View Ul

Assots with no number

Analyzed 2798 entitiess with 0% (0/5) applicable heuristics passing

the analysis analysis

= Action Analysis == 10 Analysis

Actions that do not begin with a verb.

Inputioutputs not generated by any action

Inputioutputs not received by any action

Actions that do not generate any inputioutput

Description

The FireSAT s,

Inputioutputs that are not satisfied by any requirement

Actions that do not receive any inputioutput

~ (@ Dashboard T ) )

stem shall

Analyzed 174 Assets with 9% (1/11) applicable heuristics passing the

© Add Widget

2hours ago

2 hours ago

2 hours ago

2hours ago

Quality

Status  Score

Open _88%

© Adding Widget

Select option
Activity Feed

Bar Chart

New Widgets

a

Chart Card

Diagram Card
DoDAF Card
Document Card

Entity Table

== Conduit Analysis

Conduits that do not begin with a noun ®
Conduits that do not transfer any inputioutputs. (]
Conits that do not satisfy some requirement ®

Analyzed 45 Conduits with 33% (2/6) applicable heuristics passing the

analysis

3= Requirement Analysis

The following entities are mentioned in the requirement description,...

Loaf roquirements missing the key word "shall"

Requirements with no name

Requirements with no description

Requirements with more than one parent

B 8 8

2

€ Database

Active v

decomposed by Children 2

VR.1.1 Natural Frequen...

VR.1.2 Natural Frequen...

related to Statement 2

Active

Relationships
L]

relates Statement 1

2.1 Test Risks / Issues

sourced by Artifact 1

VR Verification Require...
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Innoslate v.4.7
Released February 2023

Redesigned Documents View & Test
Center for "infinite scrolling” and
meta-numbering, drag & drop

New Compilation View shows any
entity class in a document form

Diagram export

Change requests now available in
Entity View

GitHub integration enhanced to
enable requirements creation and
traceability maintenance

Numerous other enhancements and
bug fixes

r £ Compilations =€) GitHub

UNCLASSIFIED

e [@ Documents | of2 Dia
UNCLASSIFIED

€ Back M+N\EWERIIEVELOMEA ) Open~ & Report

Entity

o«

All Document Entities

VR.1 Space Vehicle First Document View

Only Requirements 1
The space vehicle first-mode natural frequen& " R R
Only Statements 0 mode is greater than 25 Hz.
VR.1.1 Natural Frequency Analysis :
Only Verification Requirements 0

The analysis shall develop a multi-node finite element model to estimate natural
modes.

© History & Reports

(WA Gl O Cancel @ Open~

Attributes

Metadata Comments Change Requests

No change requests to display.

Number Sci

Science NGOs Questions

Change Request
9 C +- B I U =i

Description
lAdd to category?

patellolsec 11/22/2022 4:48:17 PM

File

6 @

& UuVvs Proposal Due

13 23 05 12

Countdown
Widget

Countdown until

X

Filtor - © Cancel ® Open v More v & Report Search { 5{20/202502:00:00pm
Entity Value $ Units
All Compilation Entities 16 C om p i I a t i on V i ew .
1 P [EI 1 Platform Metrics It
Only Assets 12 [ 1.1 Satellite bus dry mass it
1.1 Satellite bus dry mass 210 kg 1.2 Structure Mass i

~

Dares

[Search the Document... F 1Ty

Quality Score $ Labels s
8% (B VR 1 Space Venicke Firstmo. 4T ]
G ) D [VR.1 A Natural Frequency ... I ]
[VR.1.2 Natural Frequency ... 1T ]
. [ VR.2 Appropriate Markings i ]
o [ VR.3 Altitude Accuracy it ]
[VR.a Battery GSE Charge Di... It ]
[VR.5 State of Charge it ]
[E VR.6 Fastener Type it ]
[ VR6.1 i ]
[VR.e.z i ]
(vre3 n

Verification Requirement

Verification Requirement

No labels to display.
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@ MENU~ @ Dashboard [ Database [3Documents of Diagrams Z TestCenter () GitHub Y= Project Management %5 Intelligence &, Import Analyzer % Schema Editor

4 V] = Q i - i - - - i - &
I n nOSIate Vl .8 Metadata Attr%tes Relat;ships Comr;)enls ° Add Requir... ° Add Child ... X Deselect @Open More ‘ié’ Reports W Remove Hierarchy

Entity Rationale S Quality Score Verification Requirements Document
Released July 2023 VRA2 s 8% : :
. -1 v O ‘ & VR.1 Space Vehicle First-m... 4T ‘
. Req U I rement Natural Frequency Test [VR.1 A Natural Frequency ... 4T ]
Added Generative Al features sc+ s 1u:==maA 8 (Rt 2vetma oy T
The test shodal survey (sine sweep) of the vehicle using a vibration & Al Assist
H table.
= AI ASS|Sta nt (General) N The test shall conduct a modal survey
= of the vehicle using a vibration table.
= |nnoslate Hel 0] To conduct a modal survey (sine sweep) of a vehicle

The verification shall be 67%

using a vibration table, you will need to follow these

@ oenera steps:

Global 1D VR.2 Appropriate Markings

|_8ZXCTM6B56J50_AZ2H776X3MTYG considered successful if all
The appropriate markings on all system structural components shall be verified by

= Al Assistant (Description Attribute)

o |

D ) " ) > o T structural components are o N thatthe vehide i
589 inspection. The inspection shall determine if axes and identifications are properly properly marked. - Prepare the vehicle: nfurﬁ‘ at the vehicle is
d C h t o indicated. securely mounted on the vibration table. Make sure
. ass all loose items are removed or secured to prevent
I m p rove : a m essages Statement / Requirement damage during the test.
. T . o
Modified VR.3 Altitude Accurac The analysis shall be 78% - -
re Styl e d to ma ke t h e co | ors an d 01912022 by siizstein . G 2 seter the uibration table: Conigure the vibration
o The accuracy of the altitude than or table according to the specifications required for the
. Created analysis. The analysis shal . . o test. This may include adjusting the frequency
Se n d e r e a S | e r tO re a d 5/15/2018 by stevendam plus noise, to determine sta Al Assistant ( Descri p tion ) 2 T B, 78] Gl Tt
3. Instrumentation: Install sensors on the vehicle at
Labels S| VR 4 B tt G SE Ch H V' The d tration shall b 67% specific locations to measure the response to the
, . atte arae Displa e demonstration shall be b P 5
Im proved: U pd ated Redactor S ry 9 play considered successful if the vibration excitaton. Common sensors used for
Battery charge ground support equipment (GSE) state of charge display shall be verified state of charge is displayed modal surveys include accelerometers, strain
e It I m a ge m o a to a O OtSt ra p Analysis 4. Excitation signal: Generate a sine sweep signal
v .
67% that covers the desired frequency range. The sweep
mo d a I Demonstration VR.5 State Of Charge . should start at a low frequency and gradually
Derived The demonstration shall show that state of charge is indicated when connected to a increase to a higher frequency over a specified time
representative load. petiods
DoDAF Product
. 1 5. Data acquisition: Connect the sensors to a data
I m p rove d . Re Set TeSt S u Ites DoDAF Products List VR6 Fastener Type v 56% acquisition lsystem capable of recording th‘e
£ R ; response signals. Ensure that the system is properly
1 1 1 nterprise Requiremen =] The verification shall be considered successful if all interface fasteners are 4-40 in size calibrated and synchronized with the excitation
without creating a baseline ot The verfalon shallbe o« i
Essential Elements - Requirements VR 6 1 6. Conduct the test: Start the vibration table and
. .0. 67% simultaneously record the response signals from the
N umerous B u g F IXes Essential SE sensors. The vibration table will excite the vehicle
Evolution D ot Fastener type shall be verified by inspection. with the sine sweep signal, causing it to v
volution Description
Functional Requirement VR 6 2 56%

Inspection

Interface Reauirement
javascript:void(null);

The inspection shall review the vendor's records to look for the type and size of
fasteners used.

Send a message
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When Should We Integrate Tools?

* Lacking a common ontology, we need to carefully select the tools we want to integrate
with.

* For the most part, we can rely on the export of a common format, such as CSV, XML, or
ReqlF, to move data between tools; APIs can also be used to move the data between
tools.

* Note that this data usually flows in one direction well, but not bi-directionally.

* As systems engineers, we mainly want to produce specifications for the design
engineers, take the results of the design engineering tools, then import them into our
SE database.

* A completely seamless integration between our SE tools and DE tools may be a bridge
too far at this time, but that shouldn’t stop us from trying to make it work.

Careful integration is critical to avoiding “garbage in, garbage out.”

@ INNOSLATE®



When Should We Not Integrate Tools?

* Physics-based simulations often apply only a portion of the physics needed to fully
represent a system and its environment.
* Limited theoretical basis for physics itself
* Approximations used due to our lack of math
* Application to areas where we don’t know the exact physics

* Physics-based simulations require extensive calibration of experimental data to be
useful.
* Simulation codes use “knobs” to adjust results to match experiments.
* Users need to understand the boundary conditions where the results are valid.

* Pushing poorly or non-analyzed simulation results up to the systems level may
introduce new errors.

In these cases, we need an “air gap” or at least an “analyst-in-the-loop.”

@ INNOSLATE®



How Does DDSE and The Innoslate/Ansys Tool Suite Support SE Modernization?

Digital Engineering
* Innoslate, Sopatra, and the Ansys Tool Suite provide the full range of tools needed to create digital twins.

MOSA

* Functional analysis focuses on functions that can be allocated in many different ways — Innoslate
provides a complete functional (and object) analysis capability.

* Innoslate has unique interface diagrams to enable a better definition of the interfaces.
* Innoslate’s MOSA architecture enables modular use of the data too.

Mission Engineering

* Integration of the Innoslate discrete event simulator with STK enables us to plan, analyze, organize, and
integrate operational and system capabilities to achieve desired effects.

Agile Development

* Innoslate provides direct integration to software engineering tools (GitHub and Selenium —in the near
future).

* Can align Sprints and Epics with standard SETR events by conducting Data-Driven Reviews

@ INNOSLATE®



Innoslate Soothes the Pain Points

Innoslate has a well defined and published
schema, based on the Lifecycle Modeling
Language, which provides an ontology for
SysML, DoDAF, BPMN, and many other
languages

Innoslate provides several “starter”

models for use in its guided tour and
in the Model Curation Station

ENGINEERING AIRC e PAIN POINTS FISHBONE

RRSERARCH CENTER

Highlighted items are
Innoslate has PM tools Lack wall defined Lack use cases for Lack agreed —— workforce related Innoslate provides a complete
. . . d + £ upon data unintegrated 3
embedded, including Cost, Risk, e LD D governance tool flows environment for PM/SE work
and Decisions. Its diagrams are . and has built-in integration
Lack ability to Inconsistent . Gov't reference .
. |~ . Y ' / Lack standardized architecture Who owns High tool/. Too much focus on models and . . . .
easi I y un d erstoo d by a nyo ne p::';%::?;ﬁg:’:ryms m;‘:;;’:;’y modeling approaches immaturity Lack authoritative N\ the data? licensing cost not the underlying data Wlth key d esl gn e ngl neerin g
Poor mission as a risk sources of data & Lack integration of o ing | . . .
Need PM consumable Need enterprise mode(lik; fslystem management models engineering & PM tools’ to:‘l?;c;:lcr;gsseegsucy tO (0] I S, In CI u d In g CI lt H u b,
visualization standards culture change mode! ov; . strategy Lack example Lack Tool intero! p.e.rutfili'y/ M AT L AB d TK
Lack revised ;ﬁ'oelr:teo?esez Luck.documemed dd'ﬂ/£0?8| acceptance, connectivity fssues Lack a ’ an S
Lack contract examples of SoS views guullty portrofios \£:A% proce;ses Lack widely standard
c’F’F""'-“":Ihes/ acquisition Not enough use improvements  Myst deal with gaps in demonstrated digital shared Slow uptake
templates

data & missing models

Modernize
SETR Processes

Need examples Lack training /" Need tool

artifacts

SE Mod goal: Ways & Means
seamless & efficient to Drive
digital flows Adoption

tools/ methods ecosystem

cases & examples

of modernized
systems engineering
capabilities and

processes in DoD Innoslate’s cloud native

Lack collaboration /| ack means =~ program

Build a
Reference
Implementation

Share Lessons
Learned

lack Need K
of long-term

Lack effective pli

requirements for change — of realized in PMO’s automation ! ! i . i i
Innoslate growth has been Need breadth & depth Need _ efficierc Ladkexamg Immature test Ll v a | oHfices environment provides
eed brea epi A of modernized automation o i
I. . d E . D D of experience, staffing exlpezrg:"r:ed Mzgn.s' NI: v:!;:e:'the Means fo value reviews strategies f'dﬂ?nﬁﬁw"s Not easy to drill co I I d b (0] I’atl on at N I P R, SI P R, J WI CS,
imite certain Do Multiple concepts and pathways read twi multidisciplinary View that agile / Culture of down from decision
y maturing separately T‘:,ee?ep;?y- (thrlief:::i){::\emn) rigor is for SW only/~ waterfall/ Lack :Zé‘f'“m artifacts o data I C' I T E, an d I ron B an k. H as O p en
1 H H il £l protection . . .
Orga nlzatl ons effectlvely Overcome stovepiped adopters  Need to have & Lack cost MOSA as enabler o MO';':S“I""E ows processes Lack consistent incentives AP I <
. . DE/ME/MOSA/Agile / Lack funding adopt measurement imati laptability, culiure Lack CM i .
man d at | ng (0] I d, fO (S gn guidance priority strategies methods and change not established p::cesses LGde?'ILu"; ::::’ds:r""
technology tools Need more agile, Need agreement

continuous data on means to

& model dev’t share data &

approaches models Innoslate support agile development for both
\ systems and software engineering by enabling
SERC working papers teams to work together. GitHub round-trip now

Innoslate was rated with a 100% ROl by a | available. It’s easy use and easy to learn

GMU study in 2019. We have only
improved dramatically since then.
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Summary

LML provides a path to the future of systems
engineering and DDSE.

If SE Modernization is the future, then we
need to have modern cloud-based tools that
implement NLP/ML, AR, and other 215t
Century technologies.

We recommend including LML in any and all
SE tools to enhance tool interoperability.

We cannot design future systems using old
methods and tools.

Innoslate Version 20 = Jarvis?

We need to embrace these new technologies,
not hamper them.

We look forward to helping make “Tony Stark’s lab” a reality!

@ INNOSLATE®



S

Questions and
Answers

Use the panel on the right to ask your questions
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INNOVATIONS

SPEC Innovations provides software, training,
and consulting to the defense and aerospace
industries and the intelligence community.

Our flagship software product, Innoslate, is
the first cloud-native, model-based systems
engineering software solution made solely in
the United States of America.

Our engineers built Innoslate to help systems
engineers develop full lifecycle solutions for
complex system of systems.

Innoslate software supports Requirements
Management, Modeling and Simulation,
Verification and Validation, and more in one
seamless package.

Foundedin 1993

About Us

We are the experts in systems engineering

@ INNOSLATE®



More Resources

W SPEC Innovations offers training, books, videos, documentation, trials, and more

Training: specinnovations.com/training

WeQ H UsAaIg

Books: “Real MBSE” textbook and lab manual available on
Amazon

Videos: Visit the SPEC Innovations Youtube channel
LinkedIn: Innoslate and Systems Engineers User Group
Documentation: help.Innoslate.com

Trial: cloud.Innoslate.com

@ INNOSLATE®
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Upcorming Webinars (ftentative schedule) lr{c OSE
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\

Kerry Lunney INCOSE President-Elect Tuesday 22" August 2023

(Moderator) Candidates Present Their at 11am EDT
Vision Statements

Rick Dove Agile Systems Engineering | Wednesday 20 September
— It's Not Your Father’s 2023 at 11am EDT
Oldsmobile

Invitations will be emailed in advance and informational updates will be placed on

www.incose.org
Go to http://www.incose.org/products-and-publications /webinars for more info on

the webinar series, including a way to view the last 164 Webinars and soon - this one!

Information on the webinars can now be accessed through the Professional
Development Portal (PDP), at https://www.incose.org/ _pdp/advanced-search-the-

content-catalog - search for “Webinars”
Joining instructions will added around two weeks before each webinar is

scheduled to take place.



http://www.incose.org/
http://www.incose.org/products-and-publications/webinars
http://www.incose.org/products-and-publications/webinars
http://www.incose.org/products-and-publications/webinars
http://www.incose.org/products-and-publications/webinars
http://www.incose.org/products-and-publications/webinars
http://www.incose.org/
http://www.incose.org/products-and-publications/webinars
https://www.incose.org/_pdp/advanced-search-the-content-catalog
https://www.incose.org/_pdp/advanced-search-the-content-catalog
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Upcorming Dvenis INCOSE
SAE/NASA/INCOSE Energy and Mobility Conference -
Cleveland, Ohio, USA
12 - 15 September 2023

https://www.energvandmobility.org/
ENERCYZMOBILITY

SEPT 12-15 « I-X CENTER - CLEVELAND, OHIO

Register ~ Conference ~ v STEM Sponsors

INTERNATIONAL:-

SAE International proudly partners

ENERGY & MOBILITY with NASA and INCOSE to launch a

. brand-new four-day event in 2023:
NASA Technology, Systems and Value Chain  theEnergy & mobiliy Technology,

Glenn Research Center Systems, and Value Chain

Conference & EXpO Conference & Expo.
September 12-15, 2023 | Cleveland, OH We welcome you to join us at the
INCOSE I-X CENTER in Cleveland, OH for this
. Powered by v CRITICAL OPS one-of-a-kind event.
Questions: Is our modern civilization “Sustainable”? Can our aging and fragile electric grid support the coming ATTENDEE/EXHIBITOR
“Transportation Electrification”? How will emerging technologies integrate EVs and electric airborne systems for urban REGISTRATION

mobility? - and... Can we hope to achieve a “NetZero” Carbon Climate without bankrupting our children?


https://www.energyandmobility.org/
https://www.energyandmobility.org/

§‘ You can claim 1 PDU credit

towards your INCOSE Systems
l v/ E Engineering Professional
_ (SEP) renewal by attending this
s..g_.._",v’ entire webinar.

I N COS E Live attendance at the
webinar: "Attend non-peer-reviewed
Professional Technical Society

Systems Engineering Eligible Sources | P .
Professional PDU ' To Claim PDU Watching a recording of the webinar:

"Consume SE-related media,
Cred it or audio."

including journal article, book, video,

For more information about INCOSE INCOSE webinars may also .

certification renewal, including PDU apply to the PDU requirements Claim PDUs for
categories and limits: of other organizations, TR
http://www.incose.org/certification/Cert depending on the subject Other certifications

Process/CertRenew matter.



http://www.incose.org/certification/CertProcess/CertRenew
http://www.incose.org/certification/CertProcess/CertRenew

With thanks to our Sponsors for 2023

LOCKHEED MARTIN / ¢
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