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Why? W

 Clarify misconceptions
* Answer the guestions
» Address needs
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Misconceptions g

AF are used to
model the
MBSE methods architecture of a
can be used only SoS. Itis not
to model a MBSE ,
system like e
Aircraft

MBSE is mostly
Simulation. We
don’t need
diagrams

Set of views is
sufficient to
produce a
system model
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. (o T AN )
Questions W
Which actiyities to How to ensure
be done in what consistency?
sequence?
How to structure HOW t0 manage
the model? models?
Which artga;_:ts :9) How to
Clver: communicate &
collaborate?
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Needs

SoS

Organization wants to design a
complex SoS, on time, on quality.

Tools

IM team needs to increment tool
versions with less constraints

s

w
[
Deliverables

Customer requests NAF Views within deliverables

Meta-Model

Partners understand models which
conform to standard military
AF/Domain models

Talloring

SE requires guidance to select model
elements/Views

www.incose.org/symp2021
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UBM Method Overview vy

Mission Analysis ‘
& Design j

—

Operational Analysis ‘
& Design )

= lterative & Recursive

Functional Analysis
& Design

Logical Structure

i j Design

‘ System Physical
) Design

Which activities to
be done in what
sequence?
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Selected elements from UAF domain model

How to structure
the model?

How to ensure
consistency?

Conceptual Data Model [ Simplified Model ]J

- provisioned by
has purpose described by thibits
exhibits EXhibEs
InformationElement
exhibits
OperationalActivity ' W
performs OperationalPerformer pames
4 N -~ Op
p realizes
supports PN
‘Service Specification
erforms SETY
ServiceFunction A a I
> CONNENS
has
Kind of Operational performer
y or Resource performer
paRdcerort defines
implements implements .
DataElement
implements Servicelnterface
4
conveys
1 implements
 elicobxchange Resourcelnterface
Arealizess
defines
Function L perfoms ResourcePerformer has L ResourcePort &
System = ResourceArtifact Post — Organization




Deliverable Model

Which artifacts to
deliver?

: A
— =

— StRD

vvp

- SID
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Example

Operational High Level Taxonomy [ Fire Management SoS HL Concept ])

Confirmation missions i g
< — ‘JL &%

Sprinkler planes

Mission Control
System

Intervention
Vehicles

Multi-UAV Forrest Fire Management SoS

When patrolling, a UAV
suspects or detects a fire.
Then the mission of the UAV is
modified to a confirmation
mission or it is assigned to
another UAV.

One UAV with sufficient
loitering capabilities monitors
the fire.

Mission control system
coordinates missions, forecast
fire evolution and order
Intervention

www.incose.org/symp2021 12



Mission Analysis & Design W

STEP#1
Define the Vision, goals & objectives of the Enterprise with associated benefits

\ 4 _ Strategic
View point
Identify the Capabilities required to achieve objectives
STEP#3 h
Identify Operational Missions and Involved Stakeholders related to the Capabilities Focus : Mission
Define Mission Contexts Including System of Interest and its environment Qperationa|
- View point

STEP#5

Develop Mission scenarios & mission success criteria

STEP#6

Define the Mission Requirements & the performances expected by the stakeholders 13
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Mission Analysis & Design

Conceptual Data Model | Strategic Context ]'J

has

described by
1

—

-_—

_— — — - - - — - — - — - — — — — — — = — — — — — —

|
gl
|

Measurement

lslhereasu'hfurl

CapabilityConfiguration | |
provides - | |
mission
A e Miszion is a_ta,sk
OperationalPerformer ﬁ Operational Activity e a goal
|
|
Conceptual Data Model [ Mission Context )J
R i T e R R e e R e R e e R e e R e e e R e s e R B
(OP-Tx HLOC ArbitraryConnector |
| |HighLevelOperationalConcept ConceptRole connected using |
| S |
S .. D | O S PO e e
instantiated as [OT’-&! Connectivity _‘—(_l— . \I
R T e e e it R T S ™ S
OP-Pm Environment L OperationalPerformer
: | Measur: t | mea |
Environment | [ |
|
e e
Characterized by instantiated as{| | [OP-Cn int Conpectivity
Condition | OperationalRole
|

characterizedpy  instantiated as
Location

| ]fmmem

| | [ OperationalConnector

System CONOPS
*Goals *St-Sr
*Capabilities *St-Rm
Capability Gaps *OP-Pr
*Traceability
«Stakeholders ~ Matrixes
*Missions &
mission success
criteria
*Requirements
Conceptual Data Model [ Mission or Operational scenario ]J
|OP-Pr Mission scenario ST re—— *,
’ - - — input toloutput from
OperationalPerformer OperationalActivityAction |
' |
| sequencodiy OperationalControlFlow | |
, performs flow based
behaviour includes transfer |
| information using |
| OperationalActivity OperationalObjectFlow InformationElement |
' |
C_ 7 I T e L -
Op-St Mission Phases includes : )
( P=3 i State changed by Transition |
| state based behaviour is
' descibed by - |
l OperationalStateDescription ]‘“99“ |
[ SysML elements Event |
|
|




Mission Analysis & Design
Goals & Capabillites

Strategic Structure [ @

Gl:lals])

aEnterpriseGozls aEnterpriseGoals
Prevent and manage E Limit damages to
|detect, fight) wildfires minimum when fire
to reduces the impact OCCUrs
to an acceptable level
aEnterpriseGoals
Detect the fire as fastas
possible and its exact
localization
sEnterpriseVisions e
Mo losses and
impacts from
wildfires aEnterpriseGoals

Prevent wild fires

aEnterpriseGoals
Monitor, diagnose and
forecast evolution

I

Define the Vision, goals & objectives of the
Enterprise with associated benefits

A 4

STEP#1

STEP#2

Identify the Capabilities required to achieve
objectives

Strategic Structure [ @ Capabilities ]'J

aCapabilitys
Fire prevention

aCapsbility»

Forrest Fire
Management

*Goals
*Capabilities

Fire detection

aCapabilitys

aCapabilitys
Fire suppression

*Capability Gaps

Fire forecast

aCapabilitys

Fire diagnosis

aCapabilitys

Fire monitoring

QL e g @ @

aCapabilitys

Fire extinction

www.incose.org/symp2021
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Mission Analysis & Design @E

Mission Context STEP#3

Operational Internal Connectivity [ Forrest Fire Management SoS ]'J Identify Operational Missions and Involved

Stakeholders related to the Capabilities

aOperationslRoles #
: Fire detection & monitoring System

.
IEZ fire detection

ki

. . EZ firg detection E2 fire detection Define Mission Contexts Including System
: Confirmation UAV e B of Interest and its environment
: Patrol Mission UAV
IE1 miz=ion plan
IE1 mission plan IE1 mission plan -f/lt_akgholders
*Missions
» Mission C2 -
IE4 weather data,
IES fire images : Monitoring UAV

|EZ intervention order

| <

1 weather data,

IES fire images
ﬁ o
©
: Intervention System : Communication Infra : Forrest Fire Environment

VVVVVV.I1 ILUDCT.VUIY/DYIIIpLaVL L 16



Mission Analysis & Design
Mission scenarios

f{}p-erational Process Flow ( :intervention order } [ Detect & monitor Fire ]J

«OperationalRolex
: Mission C2

“

«OperationalRoles
: Patrol Mission UAV

«OperationalRoles
: Confirmation UAV

«OperationalRolex
: Monitoring UAV

-

E1 mizsio

. I
e -
plan

i 3 ‘F'\
o (e
A

A

e )
ive signs of a GD
fire )

0

4
’i‘ [EZ fire detection

D’.‘f'‘:::::,m.,.:t.f,“’*‘“”"‘"“ &)
alarm )

IE1 miz=ion plan

=

[EE fire confirmation

«0perationalParameters

IE1 miz=ion plan

out : intervention order

W

STEP#5

Develop Mission scenarios & mission
success criteria

STEP#6

Define the Mission Requirements & the
performances expected by the stakeholders

17



Operational Analysis & Design

STEP#1
Define Operational Context for the Sol

STEP#2
Develop Operational scenarios & measures of effectiveness (MoE)

STEP#3
Perform a trade study of the alternatives

) 4

Capture/Generate Stakeholder requirements

STEP#5

Trace Operational scenarios to mission /Operational requirements

STEP#6
Perform early validation using models

Focus : System
throughout the
Life Cycle

18



Operational Analysis & Design

Conceptual Data Model [ Mission Context ])

{InformationElement

[OP-’TX HLOC
| |HighLevelOperationalConcept ConceptRole connected using
|
B .. .. Voo W
instantiated as fOF’-é-ﬂ Eo;nectivity ‘—(_| TS
__________ ™ S
OP-Pm Environment OperationalPerformer
: | Measurement meabures
[ Environment | I
| |
| e e
[ Characierized by instantiated as|| | (OP-Cn int Conpectivity
| Condition I OperationalRole
: characterizedpy _instantiated as | | | ’F"’““e"‘
I Al ||| operationaiConnector
|

)|

OperationalExchange

Conceptual Data Model [ Mission or Operational scenario ]J

|OP-Pr Mission scenario

g o OperationalParameter
n, output
| | operationalPerformer OperationalActivityAction
|
| Sefbncedly OperationalControlFlow
orms
| flow based it AnSIEr
| r paliaaue information using
| OperationalActivity OperationalObjectFlow InformationElement
|
G I A, =i
Op-St Mission Phases includes )
|r = e T State is changed by | Transition
e based viour IS
I descibed by .
I Operational StateDescription gers
[ SysML elements Event
|

np2021

System

Model OPSCON

*Goals
*Capabilities
*Capability Gaps

«Stakeholders

*Missions & mission
success criteria

*Requirements

*Use cases
*Operational
activities
*Operational
scenarios

*OP-Cn

*OP-Pr

*Traceability
matrixes
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Operational Analysis & Design

Operational Context

Operational Internal Connectivity [ Operation stage ]J

: Mission C2

: Patrol Mission UAV
1 mig=ion plan

. : Confirmation UAV
[E2 fire detection

[E1 migsion plan

IES fire confirmation

[

= [ET fire status
command,
control,
consult @ Mission management &

monitoring system IE1 miz=ion plan

[EZ intervention order

: Monitoring UAV

: Intervention System

\

W

STEP#1

Define Operational Context for the Sol

A4

Deve|op Operatlonai scenarios & measures o!

effectiveness (MoE)

Operational Processes | @ Miz=sion management & monitoring system — Operation stage ]J

— — — AConsult mission status

Mission C2
I

[
[
[
[
[
[
[
[
[
[
[
[
|

—

- — — —

- — —

- — - —

aDperationalActivitys Q
Consult danger
forecasts

aOperationalActivitys £

aOperationalActivitys £
Create intervention
order

aDperationalActivitys N

Update and transfer
mission status

aDperationalActivitys Q
Maonitor Fire evolution e

aDperationalActivitys Q
Perform damage
assessment

=Use cases

aOperationalActivitys
Create & transfer
mission plan

A

www.incose.org/symp2021
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Operational Analysis & Design
Operational scenarios

rOp-erationaI Process Flow [ Manage surveillance ]J

«OperationalPerformers
Mission C2

3

«OperationalPerformers
Fire detection & monitoring System

«OperationalPerformers
Patrolling UAV

«OperationalPerformers
Confirmation UAV

-t

4
|
IEZ fire detection

B

i ivityActions. (F

-
Update status & | jpput 1os
IEZ fire d

[voice]

4l

Ll
IE1 mission plan

|
[EZ fire detection

B

Ll
IE1 migsion plan

Flying along the
planned path

[E1 mission plan

‘

rin s

Develop Operational scenarios & measures of effectiveness (MoE)

STEP#3

Perform a trade study of the alternatives

21



Operational Analysis & Design @

Trade-studies

A- Establish the Study/problem Statement;

B - Review inputs, requirements, constraints and
assumptions;

C - Develop and quantify criteria including weights
(relative importance);

D - Develop/refine alternative models and measurements
of merit;

E - Evaluate alternatives and analyze results;
F - Document process and results.

www.incose.org/symp2021 22



Functional Analysis & Design

STEP#1
|dentify and decompose Functions

STEP#2
Develop Functional Flows and Measures of Performances (MoP)

STEP#3
Trace Operational activity to Functions

Capture/generate functional requirements

. 4

ldentify Components & allocate functions

WWW.ITICOUSE.UTY/SYITIDZUZ L
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Functional Analysis & Design

Conceptual Data Model | Functional Context ]J

\RS-Pr Functional Flow \'
| Organization System |
' 7 |
: Pos% Res:urce Artifact DataElement carries ResourceParameter |
|
! |
fr
: $ JI conveys input to/output from |
ResourcePerformer ) FunctionObjectFlow - |
I realizes| ResourceExchange FunctionControlFlow |
' | |
C——— —— —— —— 7_@__"3__ C——— —— —— ——
7 =1 : 3 s ecey sequenced by |
s - - : flow based |
Function behaviour ifcludes FunctionAction I
|
|

www.incose.org/symp2021

System FDD
Model SRD
Goals *RS-Pr
Capabilities *RS-St
Capability Gaps *Traceability
matrices
Stakeholders *System
o Requirements

Missions

St Requirements

MoE

Use cases
Operational

activities
Operational

scenarios

Functions

Functional Flows

MoP
Sys

Requirements
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Functional Analysis & Design

Identify and decompose Functions

A4

(‘Operational P Flow [ M il 1 N
Operational Processes | Mission management & monitoring system — Operation stage ]J roeess anage survellance | STEP#2
! CasrationalPerformers a «OperationalPerformers =y «0per Develop Functional Flows and Measures of
_ = — — = aOiperationslActivitys Q Mission C2 Fire detection & monitoring System P: Performances (MoP)
I Consult danger I:Ol’ecas'[ dangers
| forecasts .

—
aOperationalActivitys —p ing along the OD_‘
e = = = = = = = = Create & transfer E1 mission pian path
- aOperationalActivitys Q mission plan

— — — —>|Consult mission status
Mission C2 _ _ _ ‘?
I

I

| «OperationalActivitys /™ | Confirmation UAV
— — — A Create intervention

order I

I

I

aDperationalbctivitys Q
Update and transfer i - .
mission status Patrol Mission UAV

[

I

I

I

I

I

| onalactivil A B N PN T . 0,
I e
I

I

I

I

[

[voice]
4

|
IEZ fire detection

aOiperationslActivitys
Monitor Fire evolution

¥ |E1 mission plan

Transfer mission status == as

location

aOiperationslActivitys
Perform damage
assessment

Perceive fire evolution
]

Forecast fire evolution




Functional Analysis & Design
Functional trees

g

\

STEP#1

Resources Processes [@ Resources Processes ]J

Manage missions

Retrieve missions

A4

Identify and decompose Functions

!eve|op !UI’ICIIOI’Iai EiOWS an! |!|easures 0|

aFunctions ’é\'
oy _ e
Manage missions and
monitor fire
i =
aFunctions ) aFunctions 5 aFunctions 5 " & Am:::"g:.: .
Monitor fire Forecast dangers Exchange information age

aFunctions. @ aFunctions '/S\' aFunctions. -"é\' aFunctions. -"é\' aFunctions /é\'

Display missions and 1 Collect environmental Connect to forecast 1 Send & receive Analyze images &
plans data SErVICES mission status — capture data

aFunctions. @ e o = «Functions @ aFunctions /é\'

Update missions and aFunctions aE [y tanger > Send & receive Compute i
plans Forecast fire evolution — forcasts mission plans | measurements
- i A

g ¥ &mt;n:t:;ﬁon & 7 &

Crea‘te(;:rg::entlon aFunctions @ ey | Assess damages and
Perceive fire risks

aFunctions -‘“’S‘" L aFunctions @ i

Create mission plans Send & receive alerts i &
- Create reports
aFunctions @
Process data
aFunctions @
Create missions
aFunctions -‘“’S‘"
-

Performances (MoP)
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Functional Analysis & Design
Functional flows

STEP#1
Identify and decompose Functions

STEP#2

-3

Develop Functional Flows and Measures of Performances (MoP)

STEP#3

"Resources Process Flow { : Fire forecasts ) [ Forecast fire evolution ]J

wSystems

Trace Operational activity to Functions
Capture/generate functional requirements

Identify Components & allocate functions

wSystemns
EQVIR Sensors

wSystems
Navigation system

wSystems
Environment sensors

wSystems
Sensor Interface

o

Fire forecast system

[

Ll
['EZ GPS data

DES Enwironmental data

e
[DE1 Raw data

| Processed data

«Resour¢eParameters @
out : Fige forecasts

.

www.incose.org/symp2021



Logical Structure Design

STEP#1

Realize System decomposition (SBS)

STEP#2

Define communications between system elements & logical interfaces

|‘ |‘

STEP#3

Realize trade-offs to evaluate alternatives

) 4

Capture/Generate System Requirements

STEP#5

Trace System Requirements to Stakeholder Requirements

STEP#6

Support V&V activities
WWW.INCOSE.Org/sympzZusZi
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Logical Structure Design

Conceptual Data Model [ |53 Logical Structure] | @@ —— — — — —_————— — = — - — - — - — — —
) |RS-Cn Connectivity )
instantiated as | ResourcePerformer |
RS-Cn Internal Connjectivity (in a context) | realizes | |
|
| 23 zr |

| Organization
ResourceRole connects | System |
| f '
|
may have fissourceConnector : allows Post ResourceArtifact |
| |
ResourcePort |
connects |

| ResourceExchange | Conveys DataElement |
| |
______________ o e e e e e e )

www.incose.org/symp2021

System
Model

Goals
Capabilities
Capability Gaps

Stakeholders
Missions

St Requirements
MoE

Use cases
Operational activities

Operational
scenarios

Functions
Functional Flows
MoP

Sys Requirements

Systems/System
Elements

Resource exchanges

SDD
SID

*RS-Sr

*RS-Cn

*Traceability
matrices
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Logical Structure Design

SBS

Resources Structure | @

Resources Structure ]J

aSystems
Forrest Fire
Management 505
i It It
aSystams «Systams «Systams (:J
Fire detection & Intervention System Communication
monitoring System system
'
aSystems
Seem O w = ©
Mission
management &
monitoring system ]
aSysterms aSystems aSysterms aSystems [:] aSystems
Fire forecast system EQVIR Sensors Environment sensors Sensor Interface Mavigation system

www.incose.org/symp2021

STEP#1
STEP#2

STEP#3

v

Support V&V activities

\

e

Realize System decomposition (SBS)

Define communications between system elements & logical interfaces

|¢

Realize trade-offs to evaluate alternatives

Capture/Generate System Requirements

STEP#5

Trace System Requirements to Stakeholder Requirements
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Logical Structure Design
logical interfaces

e

\

STEP#1

Resources Internal Connectivity [

Fire detection & monitering System ]J

STEP#2

eResourceRoles

: Mission management & monitoring system

STEP#3

zResourceRoles
: Fire forecast system

v
2

[l
L

DEE Fire forecasts

DEYS Fire forecast source data

>

DES Environmental data

Support V&V activities
4
DET Processed data
«ResourceRoles
s VAW @
]
= |
aResourceRoles @
: Sensor Interface
n
DEZ GPS data DE1 Raw data
F
| | = |
aResourceRoles @ eResourceRoles @ aResourceRoles @
: Navigation system : EVIR Sensors » Environment sensors

wwwv.anicuse.uiyrsynip2021

Realize System decomposition (SBS)

Define communications between system elements & logical interfaces

|¢

Realize trade-offs to evaluate alternatives

Capture/Generate System Requirements

STEP#5

Trace System Requirements to Stakeholder Requirements
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System Physical Design

STEP#1
Define PBS

STEP#2

|¢

|dentify alternatives & Realize trade-offs

Define physical structures and interfaces implementing logical systems

i

Trace logical elements to physical

www.incose.org/symp2021
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Conclusion akrely

 The proposed method is applicable to any type of system within the
system hierarchy and to the system elements at any level.

« |t is based on the standard so it provides the benefits brought by
standards

« Architecture Framework tailoring is already performed
« Conversion to different view formats (UAF, NAF V3 & 4) is available

 Finally, these advantages lead to the increase in the productivity of
the system engineering effort.

e Some issues related to the UAF are identified and addressed
during methodology development.
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