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DE

« Digital Engineering (DE) Strategy
— Informed Decision Making
— Enhanced Communication
— Increased Understanding
— Increased Confidence
— Increased Efficiency

* Processes
« Authoritative Source of Truth (ASOT)
« Digital Thread



Digital Enterprise
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MBSE Pillars e
 Language

* Tool

 Method

— OOSEM
— MTSI MBSE Process



OOSEM

Analyze

Object Oriented Systems o

Engineering Method gl

(OOSEM) built on the

Requirements

foundation of Object-Oriented
software principles. s

Alternatives

Promotes reusability and +Eng'e Analysis Model

eTrade studies Validate &

Inheritance

Verify
System

*Test cases/procedures

Supports Agility “Test resuts

Generic templates produced
from which variants inherit

G

W

Requirements Traceability is Managed
Through the Entire MBSE Process

*System use cases/scenarios
*Elaborated context

Define
Logical
Architecture

sLogical architecture

Synthesize
Physical
Architecture

*Node diagram
*HW, SW, Data architecture




OOSEM - Conceptual Model ¥

« High-level model that focuses on the business case for the system.
e Captures black-box on how the system will be used.

* Provides the criteria (requirements) on which the system as a whole will be
evaluated.

# | 2 Name | Text wblocks
- Automobile
1 [®] 1 Drive The car needs to be drivable.
. The car needs to be able to

2 [&l 2 Connectivity connect to smart deuicﬁts. % o

The car needs to know its _ Driver  ~__
3 [/ 3 cps location and be able to decide \\-\,

- the fastest route to a target ﬁ -
GPS location. .
) The car needs to be able to be

4 [&] < Fixable fixed by a mechanic. % gas Pump : Gas Pump [1]

The car needs to be able to be :Driver (1] éﬂfﬁfﬁmn <
5 [l 5 Fillable fueled by a standard petroleum e

pump. Play Music,

| ix B
Turn-0Off, Fuel
Turn-Cn %
tellite : Satellite [3..
Synchrnozation ID, /_44—/ sateliie eliite 3.1
Connection Info  Digitized Sound Coordinates
: Automobile

a FP‘F_—_—'—)F;I; Music .
smart Phone : Smart Phone [1] ¥ ) il )
ifferential Fluid
Audio Error Codes
S

&

: Passenger [1.7] : Mechanic 9



OOSEM - Logical Model

* The Logical Model is used to further define the system of
Interest.

* Produce a “template” that can be
variants.

xallocates % wdllocates
Driver Autom obile
I

|/ :Turn Key |- —_ =

(" :Changeto | |
| Drive 3
[
[

—— — — —

Fa B B
— — : Imitialize

I
.

—_ — —|f : Fire Engine )
L
R

_ :Change Gear

I

I S
_ _ " -Accelerate |

( : Stop -}c_ - =

£ Name

Text

reused to produce

Derived From

& Highway Gas Mileage

The car shall get 40 mpg on
the highway in ideal
conditions,

7 Max Carrying Capacity

The car shall be capable of
carrying over 2000 lbs.

& City Gas Mileage

The car shall get 20 mpg on
ity roads in ideal
conditions.

electrical Subsystem

R I

wblocks
Automobile

constrainis
costCalc : Sum 2
weightCale ; Sum 2

values
totalWeight : Weight[kgl{unit = kg}
totalCost : Price[SHunit = 5}

1

pow ertrain

wblocks
Powertrain

constraints
priceCalc : Sum 2 Seis
weightCalc : Sum 2 Sets

ANS
4-Stroke Engine : 4-Stroke Engine
drivetrain : Drivetrain

values
totalWeight : Weight{kgl{unit = kg}
totalCost ; Price[$Hunit = 3}

Electrical Subsystem

wblocks

9 Manual Start

The car shall be able to be
turned on by the driver.

(&l 1 Drive

totalCost ; Price[3] = 0.0 % {unit = 5}
totalVeight : Weight[kg] = 0.0 kg {unit = kg}

values

Bl E| B | & E

10 Manual Stop

The car shall be able to be
turned off by the driver.

[®] 1 Drive

infotainment Subsystem

Infotainment Subsystem

wblocks

N




OOSEM - Logical Model Continued

* Recursive Package Structure:

— Ensures functions and
requirements alongside structures

— Helps with model navigability
and modularity

— Nested sections exportable to own
projects.

— Improves agility
— Enables divide-and-conquer
— Decouples Model

- [&] Logical
,.-;.'-':'* Relations
E-F7 1-System Reguirements
E-E7 2-System Functions
E-F7 3-Subsystems
. B[] Electrical
-7 Infotainment
E- £ Powertrain
. [ Relations
----- [ 1+Powertrain Requirements
----- ] 2-Powertrain Functions
B[] 3-Subsystems
=[] Drivetrain
,.-;'..T* Relations

t.[] 2-Drivetrain Functions
B[] 3-Components
- [= Drivetrain

----- @ Structure of the Powertrain

i B-[=] Powertrain

.. (] Sensors

B[] Common Constraints

----- [ Test Cases

----- @ Automobile Structure

E I'_'IE Avtomohis

| i



OOSEM - Physical

Capture variants!

Tedious process starting by creation of
a physical system with physical
subsystems inheriting from logical.

The properties then get redefined
where multiplicities and types for the
variants are specified.

Potentially could be sped up by
MBPLE.

Legend
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I o
E-[= Physical 1 1 1111
Q Gas Gapl i A
B[ subsyste 1 1 111
E-E] Subsystems 1 1 11
EJ-[] Electrical Subsystem 1
i[5 Electrical Subsystem1 111 .7
E|E| Infotainment Subsystem 1
L. & Infotsinment Subsystem1 11 i A
E-07 Power train 11
El-E] 3-Variants [2-Subsystems::Drivetrain 1
... & Drivetraini 1 11 A
E1-F7 Powertrain1 [3-Variants] 1
L. Powertrain1 11 L 7
.2 variant 1 1 7
wblocks
Automobile (Conceptual)
sblocks ERTOXYS
Automobile(Logical) [ ‘{USF
Redefines

wfulls
wblocks cGasz GED1
Variant 1

lﬂedein

es powertrain}

wblocks
Powertraini

wblocks
Electrical Subsystem

{redefin

es drivetrain}

wblocks
Drivetraini

{redefines electrical Su bsystemi{redeines infotainment Subsystem}

wblocks
Infotainment Subsystem1
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B} aircraft Library
- Logical
B~ Physical
BB airplane
Bl-E] Types of Airplane

BB Combat Aircraft

! B-[] Fighters

C o BB Fev
i E-F] parts
L E-EFey

/7

B [L] Radar Library
BB Logical
B[] Physicz

=5~ ypes of Radars
EIEI Electronically See#ed Phased-Arr
i B[] Lueeof ESA Radars
5B AESA Radar
L B3 anjapG-83

a

>

=[] AN/APG-83

=7 pyeile Library
o] Logical
== Physical

BB Types of Missiles

E||=__I Air-to-air

w1 [ Types
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How M.O.M. Differs Wy

In traditional MBSE, all information
may captured in one monolithic

model.

Problem of team members not

“staying-in-th§ir—lan§” arises where FS%% @ELSEL
people often "assist” other teams NE (A ,mmm
overstepping bounds. = N OO NEW 5
Model management challenges due to Cff o o e
model size increases (big data R

challenge).

— Increasing model load times
— contributors overstepping
— More difficult CM

17
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e

M.O.M. (The Facts) Wisy

Many systems are becoming system-of-systems, and all
enterprises are composed of systems.

No one person builds a system from the system-of-systems
level down to the resistor level.

AHA! Point at which components are captured at black-box
level.

Variants of components are measured against one another
to determine which one(s) best meets the needs of our
system variant.

Recursive operation all the way down to the component
fabrication.
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I\/I O.M. (The Solution) "

Enterprise
Using modularity and OOSEM, create projects Legend
for each system and for components. B UAF
| — A SysML
« Component treated as its own system stem ¢
— OOSEM process observed at the higher-level 1 B uML
system supplying both a logical model of the Component B
component and its variants. Softwafe |
|Autnmqbi|e._..ining |
 These projects will use other projects to . .
supply their components. __ )
. . |Tire Libra...ining | :En ine Lib...ining |
 Each “component” project will be managed by ‘“7\ ':,E——L
the teams that are responsible for them. \ e
-

Common %Wal...ining X

« Tree of used projects, where

— Only elements directly used within the project
will be loaded when the project is opened
drastically reducing the memory usage.

19



M.O.M. (The Solution Logicalllse), .

Components defined in their
respective models, with

— Only as much detall as
necessary

— Component models then used In
higher-level system models.

The logical structures will be
used to type parts in the logical
portion of the higher-level
system.

&7
&£

&

E Value Types Library [Common Yalue Types Library M.O.M,
B-E] Logical

Relations

Sub-Clazses

] External-Combustion Engine

] Internal-Combustion Engine

;ﬁ Relations

E-F7 Parts

BB Sub-Classes

Eltl Reciprocating Engine
,..;:7'..-’ Relations
E-E3 Parts
B[] sub-Classes
. @[3 2-Stroke Engine
. B-F3 4-Stroke Engine
@ Definition of 4-5troke Engine

B E] 4-stroke Engine

wblocks
Powertrain

consiranis
priceCalc . Sum2 Sets
W eightCalc - Sum2 Sets

drivetrain

values
totalWeight - Weight[kg]{unit = kag}
totalCost : Price[8}{unit = 5}

5t T
4-3Stroke Engine

sy

g

zblocks
Drivetrain

wblocks
4-5troke Engine

constrants
priceCalc - Surmmator
w eightCalc © Sunmrator

*peakPow er : Pow er[hpl{unit = hp}

*price : Price[$l{unit = &}

values
totalWeight - Weight[kg]{unit = kgl “peakTorque : TorquelN*mi{unit = M'mi
totalPrice : Price[$}{unit = 5} *w eight - Weight[kgl{unit = kg}

values
“rotational speed - Rotational Speed[RPM]{unit = RPIG
*fuel consunmption : Fuel Consurmption[gallon/s}{unit = gallon/s}

20




. . -
M.O.M. (The Solution — Variant Use) g

» Component variants are used In the
higher-level system models to type the
parts of the hlqher level ~— = -t -

E- [Cd Engine Libra [Eg e Library M.0.M. Training #1] iy
: Powertraini
IE, alue Tp s Libra [r:mm falue T|:| s Library M.O.M. Tr
| B Logcsl *
EE Physical fredefines drivetrain} {redefines 4-Stroke Engina}
: - [ Deprecated sblocks sblocks
Eltl Internal-Combustion Engines Drivetraini FI54 CG

El-'tl Reciprocating Engin
E- |=_-| 4-Stroke Engin

...... @_}St oke E ngine Definitio

. B eMw 558
B-E F154c6
&&= Ford 1.04itre EcoBoost 3.5

21



The Value Statement 17

1. Reusability
1. One of the biggest advantages to MBSE is reuse
2. Reuse prevents us paying for the same artifacts to be defined each time it is used
3. Teams operate in parallel creating what's new and using what’s baselined.

2. Process
1. One of the biggest cripplers to MBSE is not using an established process on a program
2. Often times, MBSE fails due to non-standardized tooling or non-standardized process in a program.

3. Digital Thread
1. The M.O.M. process ensures the digital thread through inheritance across abstraction layers
2.  As such, one can “pull” the thread back to the origin point (e.g. the capability this system is supposed to exhibit)

4. Modularity
1. Modularity enables complex problems to be broken down, solved, and baselined by the experts that solve them.
2. Helps folks to “stay in their lane” and stop “assisting” others in tasks they are not assigned

22
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Importance of Tools

 The M.O.M. process should be
tool-agnostic as it is SysML
“pure”

* As libraries grow, the
redefinition process can be
time-consuming and tedious.

* Tools that enable automating
some of this process are be
Increasingly more valuable.




Conclusion

1. Demand for DE and MBSE rapidly increasing
2. M.O.M. built on top of OOSEM with the primary objectives of:

1. increasing reuse and modularity
2. reducing time spent designing architecture

3. M.O.M. already in use and successful

25



Questions

* Emall questions to:
— Joseph.mccreless@mitsi-va.com

* For more information about MTSI, please
VISIt:
Www.mtsi-va.com

26
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