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The (SysML v2 ®)
MBSE Methodology
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The Three Requirements for Doing MBSE

Effectively

srequirement defs
'MBESE Execution Requiremsants’

documentalion

MBSE practitioners shall make the following selections as part of project pre-planning.

¢

’ . aregquirements f,'.':)

‘Select Architecture Modeling Language”

documentotion
MBXE practionars shall select a
descriptive modeling language suitable
for capturing the system architecture.

wuntjgfys

db witerme

'OMG (R} SysML v2'
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ereduirements
‘Select Architecture Modeling Tool'

docurmentation
MBSE practitioners shall select a
descriptive madeling tool compatible with
the selected modeling language.

wsatisfys

4D =ilerm»

‘Bnsys SAM'

¢

sraquirements
‘Select a MBSE Methodology®

documentation
MESE practitioners shall select an
MBSE methodology to guide the
development of the architecture
model which is compatible with the
selected modeling language and
supported by the selected modeling
tool.

asatisfys

I

witerms
‘Ansys MBSE Methodology®
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Our MBSE Methodology

Technical Management System Development
Support & Oversee System Engineering Process Virtually develop the system from requirements to validation
Plan .
gl E‘é .-)t Define Stakeholder Needs iti
Manage H-o Transition System
* Requirements ¢ Interfaces Analyze System
+ Data * Risks s Requirements Validate System
———— Support ——— - A _
« Technical Assessments ™ Design System Verify System
« Decision Analysis iae Pl Architecture y
\o”/

Ensure

+ Configuration Management Compliance f" Implement System

Integrate System

System Architecture Analysis

Digital Engineering
Perform all-round system analysis

Implement processes to build digital thread

C\‘.(‘I Formalize Development, Integration and use of
OL=] Model

@ » Analyze System Performance through Simulation

) . ;
i\@' . Perform Static Simulation

. Perform Time-Based Simulation

—@

Provide an ASoT g,"f Establ_lsh Infrastructure
=-@ & Environment

Ei'} » Ensure System Compliance 3=403 » Analyze System Software
=

| «  Analyze Requirements <Pl « Verify System Software Design
2\ Transform Culture and y 9 y Sy g

@) :ncorp(;_rate Technical (S N y— - Analyze Safety - Generate System Software Code
=—= Innovaton «  Analyze Cybersecurity
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Supporting

Digital Engineering Environment
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Digital Engineering Environment

'Z@'Use Case

0 A UAV is deployed for surveillance purpose and communicates with a satellite, a ground station & a ship.
U Select the best UAV phased array antenna that will ensure adequate link margin during the communication

between the UAV & the ground station.

U Develop MBSE workflow to verify System requirements through trade study on antenna design configurations
& selecting best concept Antenna design using DRM.

Mission AnaIySIS TOOI Se:ctlng-up D§S|.gn Scenario Creation
Ansys STK Reference Mission Antenna Signal Characteristics
computation
System Architecture Creating System ﬁ?ﬂ%ﬁ& System requirements
Modeler.using.SysML v2 Architecture Model

Modeling System Structure
Ansys SAM

J MBSE Orchestrator

Ansys ModelCenter
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Implemented

MBSE Workflow
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MBSE Workflow

Design Reference

Mission

||||||||

System
Architecture Model

Analytical
Workflow
~ ,[MBS_EConnect‘éir '

’Q’ Trade Study &
Req. Verification

il

T e b b e |
e e e e T et e e e g o o

2-6 July 2024

Www.incose.orgléymp2024 #INCOSEIS

11



Defining

Design Reference Mission
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Defining Design Reference Mission

Edit View |Inset Analysis Facility Utilities Window RT3 Help
e A UAVis dep|0yed for CHE#S 8B, B8 %8, »ALE8 L @6 A - B R P EF . MAAN PSR D D] 2mar2021 06300000 g {[search P o

rowser v R X r
® [o]®

surveillance purpose and fElz su-X#4 56

communicates with a satellite, i
o o D%Rx_mcm:
a ground station & a ship e
- g
* Developed System of system Do
scenario with UAV, Ground %) e
S H A (0¥ Rx_SAT
Station, Ship & Satellite L D
(A% Rx_DBF_Ship
[:l@ Tx_DBF_Ship

BEONQEE, P RASR T O, VW, 0. R,

* A phased array antenna at the
UAV communicate with the o
Ground station and the Ship 90606

@Eérth
Aerial.ve
e Separate Satcom communicates | | gon "

M8 Moon,jp2

with the satellite 20 S

B sunjp2

anager: 3D Graphics 1 - Earth v 2 x

* Project Scope: DBF transmitter
and its interaction with the Ship

& the Ground Station DBF 2har: 2021'06:3
i M’p 20 Grapic... {][{Graph: Faci Repott: Fa...
receivers B |
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System Architecture Modeling

Using SysML V2
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System Architecture Model using SysML v2

Approach followed

Defined Packages Created Element
& D> Definitions
Imported Libraries

¥ B3 Definitions
< Top Level Requirement

¥ B DBFv1
> 9::,Impo|'t Sl
» B3 Requirements
» 3 Structure
» B3 ModelCenter

<» Physical Requirement
» Performance Requirement

< Buissness Requirement

_ _ ¥ B Definitions
Standard Library for SI Units » Z1DBFSystem

available within the tool is £15atCom
imported =] Antenna

= 1Recejver

= 1Transmitter
= 15ignal
= 1Channel

= ] AntennaElement

¥ ¥ ¥y ¥ vy 77

3:] «part defs
attributes
totalCost : Real = 288000
frequency : Real =3.5
totalSystemWeight : MassValue = 14.848 [kg]
dbfSize : Real = 0.025

primePower : Real =550
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DEFSystem P

Created
Requirements ’
Diagram

¥ B DBFvi
o Impaort 51
¥ B3 Requirements
v 7 Diagrams
9 Requirements Diagram
v {» Stakeholder Need
» Size
O Weight

>
>
» < Power
>

<» Cost
£ » Size:Physical Requirement FD
constraints

require [dbfSize <= 0.03 m3}

ottriburtes

dbfSize : Real = 0.025

documentTtion

DEF RF system Size shall be within
the specified limits.

Created System

Structure

¥ B3 Structure
* & Diagrams
[l StructureDiagram
& PartDefinitions
¥ Requirements Verification
|5l InternalBlockDiagram
¥ = 1SystemContext
» FSatellite
v Tluav
» = luavSatCom
¥ TluavDBEF
=l “totalCost
= “frequency
» O “totalSystemWeight
=l ~dbfSize
=1 *primePower

"j spart»
- uavAntenna : Antenna

attributes
AantennaType : String = Patch Antenna 8
ArwAntennaGain : Real =22.3
AtwAntennaGain : Real =22.3
“eirp : Real = 39.62
AantennaWeight : Massvalue = 0.64 [kg]
*elementCount : Real = 64
*antennaCost : Real = 32000
AantennaSize : Real =0.02228
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Created

Internal Block Diagram

=part
UAV: UAY
structure
=part
Structure;uavDeF : DBFSystem

structure

p= epart
. gicureswavtransmiter: Trarsmiter £

a =part

S structuresuavantznna : Amenna

part
StucturezumReceiver: Recaiver 7
-+

Lol

0 uavShipRxChannel - Channel

O uavshipTaChannel : Channel
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Capturing

System Requirements & Structure

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 16



System Requirements & Structure (SysML v2)

S -

Requirements Diagram )))

¢ 4

DBF system requirements are derived based on e e B it 2 T
Design Reference Mission (DRM) ' ' s
System Requirements are decomposed to Size,
Weight, Power and Cost Constraints

System Parts responsible for fulfilling the
requirements are identified ———— p— ————
Part Attributes satisfying the requirement it e

constraints are marked through ‘satisfy’ '

relationship

' * o - - ¢+ Interconnection Diagram
Structure (Parts) diagram i R & »

represents a detailed
hierarchical structure of the - L T - | : ‘
DBF system T e R b - e (o
Key attributes were defined =D — LT S -

for each part f o
Interconnection Diagram I - v
represents the connection & e
item flow between the — e -t

system parts S MParts Diagram S O s e 7
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Building-up

Analytical Workflow
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Analytical Workflow

strength, SNR, Weight, Size & Cost.

» A multi-fidelity analysis workflow is developed to calculate the Measure of Effectiveness (MOEs) like Receiver’s signal

Low fidelity workflow is developed
based on set of canonical equations

High fidelity workflow is developed
using Mission Analysis Tool

Varied different antenna configurations
using in-built Excel Plugin

Non-DRM workflow:

- Canonical equations are used to
develop Non-DRM analysis workflow

DRM workflow:

- Mission Scenario is utilized in DRM
analysis workflow

Outputs calculation done for Receiver’s
signal strength, SNR, Weight, Size &
Cost.

+ & AntennaType
= <> PowerCalc
+ ranDefaultBranch
#- $ DRM
#- 3 NonDRM
+ NonDRMBranch
<+ DRMBranch
= @ WeightCostSizeCalc
# = WeightCal
#-&] Co:

Component Tree 7
Name Value
SRR oce
+u Use_DRM false
+ Antenna_Type Patch Antenna 8
+u Tx_Power 17.32
+u Frequency 35
+ Distance 100
+u Additional_Losses -14
+ Rx_Amplifier_Gain 15
+ Rx_Fiter_Gain 1.2
+ RAx_Cascaded_Noisefig 1.2
+u Tx_Cost 0
+u RAx_Cost 1]
+ Additional_Costs 0
o+ Rx_SNR 31.8469
>+ Rx_Signal_Strength -65.4031
o+ Total_System_Weight ~ 4.8256
>+ DBF_Size 0.02228
<+ Total_Cost 0

true

true
false

EPPD T

AO~260 & 4

4

@

Inputs. A
|name Value |units s 7Y
B Use_DRM fal
> Antenns _Type Patch Antenns 8 Name Value Units
Tx_Power > Rx_SNR 31.8469 dB
Frequency GHz - Rx_Signal_Strength  -65.4031 dBm
- Distance 0 km > Total_System_Weight 4.8256 kg
- Additional_Losses > DBF_Size 0.02228 m3
»o  Rx_Amplifier_Gain
! Rx_Filter_Gain 12
Rx_Amplifier_Noisefig 1.2

Waight (gm)
10

elama;
i

Antenna Configurations in Excel

Gainids)
Y

o) | weig

e1
32 [bowtiez
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MBSE Workflow

Connecting SAM to Analysis
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Connecting SAM to Analysis

= Kalyshs Selection

Attributes defined for parts

System Architecture Model built using SysMl v2 in SAM
tool connected to Analysis through MBSE Connector

File Edit ExecutionPlan Trade Study Help

R Al A A 2

Workspace Explorer

(] AntennaType*

iz R o

(%3 AntennaType* x

in SAM are seamlessly linked
to Analysis Parameters

D ‘smel address: | mere/flocalhost
Current Path:  mereq/localh

Server Brawser
4 % mareq//localhost
Archived
4 1 DBF1a
Comparisan
Excel Plug-in

| System Structure |

Systems Model Structure

Structure Elements

Name
4 = uav
4 = uavDBF
= @ dbfsize
= @ frequency
@ primePower
© @ totalCost
= @ totalsystemWeight
4 = uavAntenna

Value Associated Analyses

ReqVerif_Size, DBF_1A_MC
35 DBF_1A_MC
550
ReqVerif_Cost, DBF_1A_MC
DBF_1A_MC, ReqVerif Weight

32000
0.02228

Patch Antenna 8 DBF_1A_MC

4= vav
4 = uavDer
@ dbfsize
© frequency
@ primePower
@ totalCost
¢ totalSystemWeight
4 = yavAntenna
© antennaCost
@ antennasize
@ antennaType
@ antennaWeight
@ eirp
© elementCount

* ReqVerif_Cost
* ReqVerif_SignalStrength
* ReqVerif_Size

ht 0.64 @ rxAntennaGain

@ eip 3962 @ txAntennaGain

@ elementCount 64 = — -
Analyses (6 of 6 selected) Analyses List
 DBF_1A_MC % DgF 14 MC

I ReqVerif_Cost
* ReqVerif_Range
= ReqVerif_SignalStrength

Y ReqVerif_SNR E ReqVerif_Size
E° ReqVerif_Weight E Reqerif_SNR
E* Reqverif_Weight
Requirements -
Name Associated Analyses Fl 1 Stakeholder Need &
4 1 Stakeholder Need 1.1 Size
4 1.3 Power 1.2 Weight
1.3.2 SNR Reqverif SNR 4 13 Power
1.3.1 Signal Strength ReqVerif_SignalStrength 1.3.1 Signal Strength
1.4 Cost ReqVerif_Cost 1.3.3 Range
1.2 Weight ReqVerif_Weight 132 SNR
1.1 Size ReqVerif_Size

'Requirements’

Requirement Verification Script parameters is linked to
Requirements, with bound set for verification analysis.

Analysis Type: | ModeiCenter Remote Execution

e Analytical Workflow

DBF_1A_MC

{__Part Attributes ]

- uay
4 uavoBF
@ dbfSize
& frequency
& primerower
® totaiCost
4 totalsystemveigh
+ 5 uavantenna
@ antennaCost
# antennasize
# antennaType
# antennaWesght
@ sip
 elementCount
# rutntennaGain
¥ txAntennaGain
= vavantennaklen
4 8 uavReceiver

sdnalesi

# Requirements Details

9o

2 | seever Address: |mered/Aocaont

Curent Pt N ——
[sacverBrower
| s

Tradestudy

Connedt

<

Analytical Workflow Parameters |

4 % pes_1a_mC

Model
FowerCalc
WeightCostSizeCalc
AntennaType

= Use DRM
= Antenna_Type
= Tx_Power
Frequency
Distance
‘Additional_Losses
= R amplifier_Gain
= ReFilter_Gain
Ry Cascaded_Noise
= RCSNR
~  Re_Signal_Strength
= Total_system weigh
=  DEFSize

Eclean
string

Real

Real GHz
Real m
Real

Real

Real

Real

Real @
Real a8m
Real ™
Real m3

Analysis Type: | ModeiCenter Remote Execution

W 065 1A MC

~ Map Analysis Variable

Systems Model Structure Requsrements List

y o
@ req-id Performance Requirement
@ reqid Top Level Requirement
B req:id Buissness Requirement
41 Sukeholder Need
7 is Sotisfied
 Morgin
11 sze
12 Weight
4 14 con \
v s Satisfied
i Margin

0 Tie Descrption
14 Cost Overall DBF RS system cost shal be within the specified hma.

set Confunt Vlue
300000

7| E)x

void run()
{

}

2 Feqtert Coscrptimpper - Notepsd

bound double input
val double input

: IsSstisfied boolean output
variable: Margin double cutput

script: langusge="fava™

IsSatisfied.value = val.value <= bound.value;
Margin.valuo = bound.value - val.value;

Analysis Name; | DBF_1AMC

Analysis Vanables

Connect

. .
"~ (Bound]

=

Reqverif_Cost

. bound.
vl

= IsSatisfied
Margin

e o

Raal \

Real

Real

Anstysss Name

Requerit_Cont




Performing

Trade Study & Requirements Verification
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Trade Study & Requirements Verification

» Post linking the system attributes with analysis parameters, A DOE Study can be initiated within MBSE Connector Interface

» Various antenna configurations are verified during trade study to come up with potential concept design

* System requirement verification is
pe rformed usi ng MBSE Connector Systems Architecture Model MBSE Connector Analysis workflow

Structure Diagram Antenna Configuration Database in Excel

* Various Antenna configuration are ' i M I = = e mmEEE s S R =
H 2 ==w L MBSE Value Properties | .| Analytical Model Parameters &% v e e e e e
verified using DOE trade study o - . EESSSsSs=s

24500

* DOE runs are visualized against
multi-objectives Measure of
Effectiveness (MOEs)

* Identify the potential design

Requirements Diagram

* |dentified design cases can be
individually evaluated in MBSE
Connector for requirement S
verification and can be passed
back to SAM
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Trade Study & Requirements Verification

» Post linking the system attributes with analysis parameters, A DOE Study can be initiated within MBSE Connector Interface

» Various antenna configurations are verified during trade study to come up with potential concept design

¥ antennaType= x | B§ All Requiremen... x

System requirement verification is - e
4 [EpeFvi

performed using MBSE Connector

4 [ Structure

( Save the Requirement

W

e Verification Results I\ Fe T view  hep
Various Antenna configuration are T — & o ® siv <
verified using DOE trade study T Specify 3 name to save to U
. . . =+ & dbfsize 00222751744 All requirements Satisfied (Patch Antenna 8) : ES;‘T:?::“
DOE runs are visualized against = & iy £ ModeCenter

multi-objectives Measure of

o G totalSystemWeight 14,848
el E uavAntenna

a@ antennaType Patch Antenna 8

>

‘ oK | | Cancel

¥ B3 Analyses

Etiectiveness (MOEs) Ejagij:”e”[““m_” 2 ( Update the selected W A1 SignalStrengt
Identify the potential design ;%Egz{twmh Eimmm | design values in SAM Eijip“g
e clesEn erses G 7 e
individually evaluated in MBSE S i e — T y—
Connector for requirement ) sacolder s T

verification and can be passed S

back to SAM Y
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Conclusions
and Future Work
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Conclusions and Future Work

« Showcased Implementation of the DBF Use case by utilizing the
Ansys MBSE Methodology

« Highlighted one of the key aspects of MBSE of performing
Requirements Verification in Early-stage Design

- MBSE Methodology and Digital Engineering bring together all
Disciplines and Stakeholders in a well-defined digital environment
thatis-needed for developing complex systems.

*  We will pursue our development of the Ansys MBSE Methodology,
enabling Doman Specific Methodologies (Eg. A&D, Automotive).
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