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Raytheon
First... Some definitions

Digital Thread vs. Digital Twin

The digital thread refers to a collaborative engineering
' framework that digitally connects data flow and data views
The of a system throughout its lifecycle across traditionally
Merrnam- o ) . . .
Webster siloed” engineering functions.

Dictionary

/ The digital twin refers to a physics-based set of digital
models representing a physical system, its surrounding
o environment and real time data feeds. The digital twin
represents each unique as-built system instance and
operational and environmental data unique to that specific
serial number it represents.

This Paper focuses on the Digital Thread
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Model Based Engineering

Engineering solutions composed as a set of models linked
through an information infrastructure forming a Digital Thread that
provides authoritative source of truth

= Our model data is then turned in to as part of the
overall design processes

= Our models become the source of information for deliverable documents

which are
are then and across the solution
space
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Digital Thread Process

* Provides end-to-end information flow across the product lifecycle
* Enables a digitally linked data architecture (OSLC-enabled)

= Determines “what” information is important

= Enhances value-stream mapping and eliminates “air gaps”

MBD/

V\ Lmk@@ﬂ'@ ﬁ@Aﬁ’@hﬂﬁ@@{t /@y .

.*1-——————-____..

Manu-

MBE T&E facturing

Training 0&S

MBSE = Model Based Systems Engineering
MBD = Model Based Definition

MDSD = Model Driven SW Development
MBM = Model Based Manufacturing

Provides actionable information through upstream and
downstream impact analysis
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System Digital Thread
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Inputs

Requirements
Stakeholders

Designers

1

"Tools and Outputs

Techniqgues

Syslerr?

Desr/igr?

* Requirements Allocation
and Flowdown

» SysML, UML Models

* Modeling Environment
(Rhapsody, Magic Draw,
etc.)

» Performance Analysis
(Matlab)

* Architecture Frameworks
(DODAF, etc)

+ Collaborative Environment

» Automation (modeling,
reporting, etc.)

Product Arch

ProductArch 2
s SpecsS
Feg. Alocaong
Tace Studies 2

Req. Allocation

Trade Studies

Test Arch

Interface Def.

Haxrdware
Design

Software
Design

_ . System
i—'ﬁi Test

MBSE enables our system design process to yield
more accurate and consistent digital thread outputs
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Creating the System Digital Thread

/ Requirements / SysML Models

Slheld Device Subsystem Requirements Specification

ML) Contents

O 16840 In handheld AMR, a meter reader carries a handheld computer with
abu ched rec ency or touch)

as they go

ir meter reading s may also

be used to manually enter readings without the use of AMR
technology as an alternate but this will not support comprehensive
data which can be accurately read using the meter reading

electronically
O 16841 <AMR Artist Rendition>

\

Environmental Considerations

O
o e O;c;;r::;:;"elgequirements
O Functional Requirements
> O Handheld device
Requirements Allocations/Flowdowns - digital Generate Integrated SysML Model - typically in
linkages between requirements in a requirements Rhapsody or MagicDraw. Power Point and Visio
management tool (DNG) SysML diagrams do not count

. System Use Cases
. Behaviors
. Interfaces
. Functions

« System Requirements

» Software Requirements
* Hardware Requirements
» Test Requirements

Use Case Modeling
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Creating the System Digital Thread

Automated
Requirements System Performance Digital Thread
Models Analysis Reporting

m"h
[J

Desin anagement fd)
1 AMR_Exec_Demo (Design Management)

ProjectDashboards v Designs v Reviews v Anaysis v File v

7= Explorer

; TR ‘ — Analysis
o = s REQS linked t0 [ TR modgls linked Traceability
- UPEIRITL. Models, Test [ " e o design Reports across
Reports models all artifacts

Requirements Allocations/Flowdowns - digital I
linkages typically between requirements and the SysML/UML
models, HW Design Models, test Artifacts (RQM) and analysis
models
System Design Model Traceability - digital linkages Automated Report Generation —reports are
between SysML models and other models such as UML generated automatically using the tools that
models, HW design models, Test Artifacts and analysis models contain the digital linkages.

* Requirement Traceability
+ Verification Matrix
* Impact Analysis

» Software Requirements
* Hardware Requirements
» Test Requirements

Reporting Actionable Information
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Creating the System Digital Thread

Requirements Performance
SysML Model
/ ysHiL. Wode // Links // Analysis Links /

Reviewed
Models and
Digital Thread

4 1M Rational Anapsody Designes fo ystens Engineers - [Use C
§” File Edit View Simulation Layout Tools Window Help
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°E B s ate & comment for UCD O recunge
purfrngl [ ——. et X & Coud
e | chages \ £ Ao
| OetemineE raageebiy EE— 0] o it .
I ] amsPh Gide cor missn |
o \
b Prowide Sandbox for Z ‘
\ s
| _— vy der
| A ! RS Funcacns Lesag ‘
- e
ey e p deReference Mol i B—
| I
‘ it ‘
..........
| ety WSS tass ™ |
for Aght ancies Create Hodel |
Developmant Reposia
<extends poliry
| extends
- Lty Mociier

Generate Integrated SysML Model - typically in
Rhapsody or MagicDraw. Power Point and Visio
SysML diagrams do not count

. System Use Cases
. Behaviors
. Interfaces
. Functions

Team Reviews

Perform Model Based Peer Reviews - typically in
Rhapsody Design Manager (RDM) for Rhapsody or
Collaborator for MagicDraw.

. Web-based (Don’t need design tool)

. Comment directly on model (eliminate
air-gap)
Archives with Model View Versions
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Creating the System Digital Thread

System Requirements
Models (DNG/DOORS)

Test Result
Test Plans and
Reports and
Procedures .
Metrics

Sysl\/IL Model in Rhapsody

~y e ——— & e
:Burglar | :Seiisor :alarmlogic -alarniPanel \ :Police

1 <<Emulator>> <<Emulator>> ‘

_enterthuse() ~, 0 Systems Integration SIL:

Sensor is emulator
/ cheddamset) > | Alarm logic is software
7 ——— + Alarm panel is emulator
st Step T « callPolice is output message

T checkAlarmset (seen on emulator)
alarmSetYes o

callPolice()

T

1))

Model Driven Testing - Test Sequences, Vectors
and Stimulators defined in models. Test artifacts (e.g.,
cases, plans, procedures) link to the model(s) to define
the scope and interactions required for each test event.

Test Artifact Development

Test Artifacts (RQM) Linked to Models

and Requirements

ts ~  Planning Construction Lab \ Builds v Execution

1 No Permissions to Edit. show details

| ©: Development Test & E-
oL = State 7 Dran Test Case Execution (Record) Progress:
Summary
Business Objectives Originator: Tammy Owner: Tanuj Total 107/115h  Estimated: 71%  Progress:1920 Total:2120
Test Objectives Priority Medium
Formal Review Test Suite Execution (Record) Progress
Requirement Collection — - — ~ o
inks Total: 00 h Estimated: 0%  Progress:0 otal:0
Links
Development Plan Links Description: Encompasses the testing done by the development team during each sprint
Risk S| it
Test Schedules Test Cases 3
Test Estimation View the test cases that are associated with a plan. You can add and remove associations totest

documents and create and associate a new test case. Removing a test case will remove the association

Test Environments to this test plan but not delete the test case

Quality Objectives
Crite View As: |General [V Group By: |Ungrouped v |

Number of Items Per Page: 10 ﬂ 1,2 | Next » S =
Test Cases [] BE ID Suspect Priority Name State Owner Created By Test Phase Type Function kj W
Test Case Execution v
Records O 21 o ® E D. Ta Tanuj Develo. C.. Divid_. 1 1C
Resources —
X O 2 & B E A. Ta. Tany Develo... C.. Finan.. 1 1C

Test Defintion- Test artifacts (e.g.,
cases, plans, procedures) linked
requirements and model. Documents and
reports automatically generated
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Maintaining the System Digital Thread

A A

E ® AMR_Demo (Global Configuration Management)

Global Configurations

3 Welcome > Browse Components > iy Act 2 Demo Baseline >

°Act 2 Demo Baseline Initial Development

AMR_Demo (Change Management) Default Component (3: AMR System Act 2 Baseline) - Change and Configuration Management

AMR System Act 2 Baseline - Design Management

AMR System Act 2 Baseline - Quality Management

AMR System Act 2 Baseline - Requirements Management

CM of Models — Configures baselines across
Automatic Creation of Derivative multiple contributing applications forming a
Artifacts - typically with Rational “configuration of configurations”

Publishing Engine (RPE) for Rhapsody
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Getting Actionable Information Out

Digital Thread Impact Analysis

P& & Combat S

ystem ' Baseline1

& :
or 1A 214 =
Hierarchical vl lS s YOl B | actions - | B
.32 to . 34 Transition speed control to follow modes 30 Time Gap Adjustment
3 [ ] ! Sewacn
R
Owtoge Swcton Sweton
TeorceTas
= Seorcetes
s
Y y x r 1 4 4 ! |
32 to L. o trace 34 Transition speed control to follow modes 30 Time Gap
(= ManDayam
Owrer —
" AdaptiveCCM_Pkg
-
§ONIRS oy Ot Cerve From owmpmener PoR—
. InterfacesPkg “ ItemDefinitionPkg Tugrantemet Cagmtent Eodmes

P e ==
| “ Garbage In = Garbage Out

'
1206: The result of the signal from the arbitration unit shall be received by the ACC module and it shall force the item into a safe state and warn the driver of the failure |
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Software Digital Thread
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Inputs

Outputs

Sorfware
Des/qr?

"Tools and
Techniqgues

» Software Requirements Flowdown

* UML Models

 Software Modeling Environment

Trade Studies (Rhapsody, Magic Draw, Eclipse,
etc.)

» Code Generation

Test Architecture + Continuous Integration and Test

» Automation (Code, CDRLs,
Reports, etc.)

Interface Definition

i

Software Arch

Data Model

Design Artifacts

Source Code

Y

Integration Tests

Generated
Software

Generated
CDRL:s

J_

Automated
Tests

Connecting the Digital Thread across engineering functions
further enhances design consistency
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Pulling the Digital Thread through Software

Create Software & Data Model in Rhapsody/RDM Manage/Track Changes in RTC
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[vews -] ’ -1 Introduction N . =
-} 1.1 Purpose Valldated by ey | e % Dran Action Change State [v]
1.2 Scope Summary
-~ Riniti Test Case € Originator. Bob Szekslowski Owner [Unassigned [¥]
1.3 Definitions, Acronyms, and
Abbreviations i TeSt Ca-se Frionty. [] [Unassigned [v7]

Development tems
1.4 References Description. < Ciick hare to enfer a descrition =

1.5 Overview
-2 General Description
2.1 Product Perspective

Requirement Links

Requirement Links 2

Qualty Taskc &

View that are i a requirements that integrates with Rabional by using OSLE; for example, Rational DOORS Next
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HW Digital Thread

[Faroware
LDes/qgr?

Haxrdwarxre

"MTools and Design

Technigues

» Hardware Requirements
_ Flowdown
Trade Studies « HW Models (3D CAD, FEA,

Schematics, etc..) , _ Tegu:ical
« HW Modeling Environment (Creo, Design Artifacts ata
Package

Test Architecture Mentor, etc...)

* Modeling Standards _
« Derivative Artifact Generation (3D Integration Tests
PDF, neutral model formats)

* Digital Thread Integration

Interface Definition

AL

Platform
. » Multi-physics Co-Simulation Digital
Functional Decomp platforms Twwin

Axtifacts

The HW Digital Thread provides the basis for Model Based
Manufacturing and the Digital Twin
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Pulling the Digital Thread through HW
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Create ME/EE Design Models
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-1 Introduction

1 Purpose
1.2 Scope

1.3 Definitions, Acronyms, and
Abbreviations
1.4 References
1.5 Overview
-2 General Description

2.1 Product

2.2 Product Functions
2.3 User Characteristics
2.4 General Constraints
2.5 Assumptions and Dependencies
-3 Specific Requirements
1 Functional Requirements

0
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Model Based Peer Reviews
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HW Creo Design Model

(All Features)

HW Creo Analysis Model

(Feature Simplification)

HW Analysis Model
(Meshed model)

HW Requirements in DNG

Analysis Models Linked and Sourced to Design Model
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MBE Digital Thread Benefits

Because information is linked and does not
live as stove-piped information in documents
or disconnected models...

— Eliminate manual transfers, data redundancy and
increase data integrity (removes “air gaps”)

— Provides automated impact analysis on proposed
changes

— Facilitates traceability of design decisions for life of
design

— Make changes in one place and propagate change
through linkages (lowers risk of missing key work
products or causing disconnects / escapes

— Can perform early and continuous design refinement
with easy cross reference to design details

— Models may be re-used across disciplines, across the
life cycle of a program and across programs

— Enforced rigor reduces risk associated with system
complexity
— Communicate more effectively across stakeholders

because of the graphical nature of many types of
models. (shift defect detection curve to the left)

— Facilitates knowledge transfer of our system design
decisions.
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Lessons Learned

Technology is still emerging, we can’t do everything we need to yet to
eliminate all the “air gaps”

Some 3 party OEMs collaborate more openly with others

— Digital Thread will only survive if tools integrate with each other through common
standards... no one tool meets all needs

— Need more collaboration amongst the tool vendors

Customers are starting to ask for MBSE/MBE specifically in RFPs ©...
RFP language does not accurately reflect common MBE conventions or
specifies the MBE digital thread vision but does not reflect the current
state of technology ®

There is still a cultural barrier both within industry and with the Customer
on MBE adoption. Good news is that we are all making headway
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