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Poll Time!

= What challenges do you face today in your system engineering process?
a) Multiple tools are needed
b) Tools are hard to learn
c) Responding to changes
d) Tracing between artifacts
e) Lack of execution and analysis
f)  Synchronization with design



What we’ve heard from YOU

MATLAB E3

= Model Based Systems Engineering is a huge improvement over document-

based methods

= Existing tools are often missing key capabilities
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Why MBSE with MathWorks Tools?

Be Intuitive
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Key Takeaways

= You can import, write, and store textual requirements right in the same
environment as your architecture and design models.

External
Requirements
Simulink Requirements
.doc xls
=
4 crs_req
v &g Import1 References to crs_req.docx
&1 Overview
vE2 System overview
B 2.1 System inputs
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& 2.3 Cruise control modes
B3 Functional Requirements
Requirements & 4 Interface specification
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Tools




MATLAB

Key Takeaways

= You can import, write, and store textual requirements right in the same
environment as your architecture and design models.

= You can understand the impact of changes in your system by
establishing relationships among multiple requirements and architecture
artifacts.

hd h, MyReguirements*
v E 1 ReqSysl  Functional Requirements

w h, MyRequirementsFanController < -
5 E 1 RegFAN1  Cooling shall be applied in 1 second / . S
Y= L Reqsys1.1 C-:-oling Function i i = 2 ReqFANZ  Fan controller shall include debouncin... ~ ™~ -
= 1.1.1 ReqSysl... Cooling shall be applied when machin... H 3 ReqFAN3 | Alarm conditions, Green/Orange/Red \\ \
= 4 ReqFAMN4  When cooling is needed fan speed sh... S -~
\ L

) E s RegFANS When cooling is not effective after a d... .
El 3 Reqsysd | Hardware Requirements a g NSNS \y{ ' {
v B4 ReqSysd  Safety Requirements 6 VerFAN  Justifications K/ )

= 1.2 ReqSys1.2 Machine Function

= 2 ReqSys2  System Reguirements

= 4.1 ReqgSys4.1 The system shall be safe against over._..

B 42 ReqSys4.2 If cooling is not effective tum off mac...
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Key Takeaways

= You can import, write, and store textual requirements right in the same
environment as your architecture and design models.

= You can understand the impact of changes in your system by
establishing relationships among multiple requirements and architecture
artifacts.

= You can assess the completeness of your system by visualizing those
relationships.
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Typical System Engineering Tasks

Stakeholder Requirements &
Needs Use Cases
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Architecture:
Structure & Behavior -
System _ _ _
Characteristics 1/ \| Multiple Viewpoints
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S take h O I d e r Machine_Functional_Diagram
N e e d S Machine Function } {Cooling Function
Functional T Functional
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Exchange data with third party requirements tools

f External )
Requirements * Import from:
: : : * Word / Excel
— N Simulink Requirements . '[?gﬂé@é?éiona'@
.=_ - DOORS Next
— Import fa crs_req * ReqlF™ standard
v B Import1 References to crs_req.docx
Update E 1 Overview » Synchronize changes
vE 2 System overview from source
B 2.1 System inputs
‘eql:lF & 2.2 Cruise control mode indicator » Edit and add further
— & 2.3 Cruise control modes details to import ~ R2019a
&3 Functional Requirements

Requirements Export E 4 Interface specification ) EXE?\ZbFreeS(]:Eundtrip it
T igce):r;ents RQO]QCI external tools R2019a
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Stakeholder
Needs

Machine_Functional_Diagram

{Machine Function } {Cooling Function ]

v

Functional
Requirements

How do we organize our
requirements and show the

relationships between them?
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REQUIREMENTS
B s F B | B ok ENLE Qi B &
Now  open ot |y Pomo et |y g e Show 7 senrcn D Taceabiy  Expon
Requirement Set (g Close Requirement ~ (%= Demote Requirement  Link ~ unks [ ~ Z Matrix =
FILE REQUIREMENTS LINKS VIEW D ANALYSIS  SHARE
¥ | Reguirement: ReqSys4.2
Index D Summary Details
v (3 MRequirements ~ Properties
viE1 ReqSys!  Functional Requirements —
v i@ RegSysl.1 Cooling Function - 5
B 111 ReqSysl... Cooling shall be applied when machin Qustom ID: |lh:9n41
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> B3 ReqSys3  Haroware Requirements Demcription  [SReoals N —
v il 4 RegSysd  Safety Requirements *[Aﬂl - VIlovIlIﬂ.IE’I
=S} ReqSys4.1 The system shall be safe against over .
B 42 ReqSys4.2 If cooling is not effective tum off mac_.
VEMNM -anControlier
B RegFAN1  Cooling shall be applied in 1 second
B2 RegFAN2  Fan controller shall include debouncin..
=] ReqgFAN3  Alarm conditions, Green/Orange/Red
B4 RegFAN4  When cooling is needed fan speed sh...
= RegFANS  When cooling is not effective after a d...
> @6 VerFAN  Justifications
> [ MyRequirementsFieldOrientedControlier

m:|

P Revision information:
» Custom Atiributes
~ Links
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Requirements
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Machine Function ] {Cooli
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How do we link
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Export links for traceability to model and test

External
Requirements
K | s R
Simulink Requirements
.doc B xls B q
=
— sl crs_req |
v Bs Importl References to crs_req.docx System Composer,
E 1 Overview Simulink, Stateflow | |
vE 2 System overview
> B 2.1 System inputs
E 2.2 Cruise control mode indicat
= 2.3 Cruise control modes [Fortess by name o fags. o tge fo
~ (5] AHRS_voter REQ_Based_Test
> B 3 Functional Requirements "3 s v
Requirements > BN 4 Interface specification :E'Qf;fﬂ
Managements Tests a
Tools \_ /
I Navigate to model and test I
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S takehOI der Machine_Functional_Diagram
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Allocating between architectures

El Allocation Editor

Ifl:ll:I ﬁ ﬁ Ifl:ll:l ﬁ' G O Port EI Allocated

—( Connector l:l Un-Allocated

New Open Save Add Scenaric Delete Scenario | Synchronize
Allocation Set  Allocation Set  Allocation Set D Component
FILE SCENARIO REFRESH ROW FILTER
ALLOCATION SET BROWSER @ |2 scenario 1
] i i - w [id L w2
4 37| Functional_to_Logical g § = = g 5 |l |=
& Scenario 1 £ |2 |5 5 v |2 |2 e
— R . s [E € |« |o |E |2 |5 |E |E
4 [%] Logical_to_Physical EI18 |2 |68 |8 (= |2 |8 |3 |8
n g |- |2 | e |© B |2 |2 |=
&7 Scenario 1 g |5 D |5 |5 |5 |8 [5 |6 |&
£ o (8 |5 |5 |8 |[E[2 |2 |2
5|2 |l |2 |2 | B8 22 |E
kel
:DDDODODDE g E
IR
4
~ [ Machine_Logical_Diagram
~ [™] Rear Cooling Unit 4
~ [ MachineB1 4
~ [ Fan Controller 4
~ [ MachineB3 4
~ [ machineA 4
~ [™] Front Cooling Unit 4
~ [™] Front Cooler
=] motor 'y
~ [ MachineB2 4
~ [ MachineC 4
~ [ Rear Cooler
= Motor 4
~ [ Temp Sensor 4
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[&] Allocation Editor - ] X
ALLOCATIONS
Esi D @\ O Port Allocated 3 Coolerfunc... P MachineFu... i 1Oy Port Allocated %% Common_p... ¥ Controller P '
New Mt s Dt Sariona | Sreesmeee [ | eerioc | [5] W Mocabe b= ‘ e T e R G Sl Clear Al Filters
Allocation Set  Alk Set ™ component ' I[] component P4 BaseConne... P FluidMachi.. -
FILE REFRESH ROW FILTER 1 COLUMN FILTER FILTERS Y
Allocation Set Browser ¥ Scenario 1 © | Allocation Properties [+]
4 ) 2 = |8 3 Name Value =
: B |&
& Scenario 1 2|2 |2 s |s " 2 el | 2 Allocated % i
S |€ |8 5|8 |B s |B 2|5 |5 |2 S o=
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o 213 | |o |8 || = B |3 || (% (8 |d|® :
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l;] ( ¢ ‘ Y 2 “ CoolerFunction
~ [™] Machine_Functional_Diagram R ‘ o propenies defiied n
5 i | | | stereotype
~ [™] Cooling Function { ‘ 4 Target Component
[™] Check it Cooler is sate 4 4 A | “ Main
Determine if cooling & m Front Cooling Unit
£ Name
[™] Tum motor on or off 2 » I I [ » J I ] 4 Controller
cooli Performance 25kHz
[™ Apply cooling | 1 22 4 -
[ Sense Tempesature | ‘ ‘ Confidential Dissatiad
- TG | | Make_or_buy Make_internal
~ [™] Process Fhuid to Product |
[™] Evaluate Alarm Cond \
[™] Measure Fluid Flow
[ Actuate Regulator |
[™] Check if Machine is safe 4 4
™) Produce Fluid ‘ A
~ [™ Package Product
[™ Check for lost fuids | e i i [
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Assess different allocation scenarios quantitatively

Allocate Architectures in a Tire Pressure Monitoring System

This example shows how to use allocations to analyze a tire pressure monitoring system.

Qverview

In systems engineering, it is common to describe a system at different levels of abstraction. For example, you can describe a systen
not have any behavior associated with them but most likely trace back to some operating requirements the system must fulfill. We re
architecture. In this example, an automobile tire pressure monitoring system is described in three different architectures:

1. Functional Architecture — Describes the system in terms of its high-level functions. The connections show dependencies betwe

2. Logical Architecture — Describes the system in terms of its logical components and how data is exchanged between them. Add
simulation.

3. Platform Architecture — Describes the physical hardware needed for the system at a high level.

The allocation process is defined as linking these three architectures that fully describe the system. The linking captures the inform:
accessible to the others.

Use this command to open the project.

scExampleTirePressureMonitorsystem

asat b
alrPeiscsioa b
TP ow b daTn o
dslaOud b Is SenPrividesollels

o et caitTeoPrewrs b dcatTrofesne

cathTreFressre b

R2021a

View MATLAB Command

MATLAB BEXIPPO

Report Low Tire Pressure
Measure pressure on tire
Calculate Tire Pressure
Measure temprature of tire
Measure rotaticns

Calculate if pressure is low
Report Tire Pressure Lewvels

Supplier A Supplier B Supplier C Supplier D
1 a a a
2] a 1 a
2] 1 a a
a a a 1
2] 1 a a
1 a a a
1 a a a
8 a a a

Measure Tire Pressure

Scenario 1

scenario 2

Front ECUMemory Used (MB) 118
Front ECU Memory (MB) 186
Front ECU Owerloaded 1
Rear ECU Memory Used (ME)

Rear ECU Memory (ME) 166
Rear ECU Overloaded a

o8
laa

8
laa

https://www.mathworks.com/help/systemcomposer/ug/allocate-architectures-of-the-tire-pressure-monitoring-system.html
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Key Takeaways
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Hﬂ Machine Functional Diagram = |

Hm Machine Logical Diagram

Hﬂ Machine Platform Architectun

B Ihl MyRequirements

BE ReqSys1 Functional Requirems [}
| ReqSys2
ME ReqSy

& B Req3ys4 Safety Requirements )]

System Requirement:

33 Hardware Requireme

MATI

You can import, write, and store textual
requirements right in the same
environment as your architecture and
design models.

You can understand the impact of
changes in your system by establishing
relationships among multiple requirements
and architecture artifacts.

You can assess the completeness of your
system by visualizing those relationships.
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Who is doing Model Based Systems Engineering with MathWorks

tools?

Rolls Royce, UK Expo, Oct 2019
LEVERAGING COMMONALITY: Model Based Product Lines

Aircraft
size

Electrification

© Rolls-Royce plc 2019

https://mwww.mathworks.com/videos/our-journey-towards-

model-based-product-lines-1573233985120.html

System Architecture Modeling for Electronic Systems
Using MathWorks System Composer and Simulink

Christopher B. Watkins Jerry Varghese

Cudfstream Aeraspace Corporation

chris watkins{@ gulfstream.com

Culfsiream Aerospace Corporation
Savannah, GA, U.S. Savannah, GA, U5,

jerry.varghesef@oulfstream. com

Michael Knight
Culfsiream Aerospace Corporation

Savannah, GA, U5,

michael knightir sul fstream. com

Becky Petteys
The Math Works, Inc.
Matick, Massachusetts, U.S.

bpetteysi@mathworks com

Abstract—Electronic system architectures have traditionally
been documented as static bloek diagrams in tools such as
Microsoft™ Visio™ or through a richer modeling approach such as
Svstems Modeling Language (SyvsML). These approaches did
not fully meet the modeling needs for the Gulfsiream authors,
which led to an alternative approach.

This paper introduces the Electronic Svstem Architecture
Muodeling (eSAM) method, which leverages a new system
architecture modeling tool called System Composer™, eSAM
was created by the authors to define a standard method for
applying the generic System Composer modeling constructs to
build functional, physical, and logical architecture models of
electronic systems. The eSAM methods are applied to an example
avionics architecture to demonstrate capabilities needed for
svstem modeling, collaborative OEM-supplier workflows, data
management and ICI generation, systems integration activities,
generation of system architecture deliverables for the avionics

Jordan Ross
The MathWorks, Inc.
Natick, Massachusetts, ULS.
jordanr@mathworks.com

Gap
w2

Design Specs

Gap
#

implementation

Figure 1: Simplified development process

https://ieeexplore.ieee.org/document/9256753
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Who is doing Model Based Systems Engineering with MathWorks

tools?

MathWorks Automotive

Conference 2021

Felix Raab, Bosch

AUTOMOTIVE SPICE
WITH MODEL BASED
SYSTEMS ENGINEERING

N EyT o

L

Sudeep Kulkarni,
Mercedes-Benz

MATLAB |
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New features in R202 1 a

= System Composer
— Sequence diagrams
— Stateflow charts in components
— Software architectures

«  Simulink Requirements
— Editor improvements
— Multi-artifact traceability matrix

w System Composer

Architecture Model

Airframe

Wings

lightCmds . NavigationLights [l B Navigation Lights

cirlSrfcDeflection . dA_dFI—(b dA_dF

& ) fletriStcDeflection

Fuselage "ri

[ LandingGear ":]J

ciriSrfcDeflection . Brakd <= @€ LandingGear

& TPMS_FunctionalArchitecture * - Architecture Views Gallery
VIEWS
':Dj ﬁ @ = | Add Group SRim|
Mew | Save Delete RunCuer, Temris ngroup | & 2 Pivot Facus
%E View COMPONENTS CANVAS NAVIGATE
o SeguenceDiagram1
[} Sequence Diagram N
4 [E5] Sequence Diagrams Report Tire Pressure | | Measure Tire P
- 1 1
[ SequenceDiagram1 H i
1 1
1 1
+ |
1 1
1 1
1 1
: pressureVal :_
1 1
1 On value change 1
refreshDisplay B pre
1 1
) 1
pressureVal I‘ 4: pre

MATLAB EX

M ‘Open Requirements Editor

= Ramuiramants Mananar

Ehﬂachine Logical Diagram
Ehﬂachine Flatfarm Architectun

E
m
=
=]
=
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=
=
=
=]
c
=
L
@
=
=
%]
[
=

= hl MyRequirements

E ReqSys1 Functional Requirems [
E RegSys2 System Requirement: ©
E ReqSys3 Hardware Requireme (0]

E RegSys4 Safety Requirements O o

@ ([ scexamplesmalluaviodel ¥ [~ airframe » G3 LandingGear

Enter Search String hd |

(e
&

Software Architecture Model

Compenent

Architecture

Properties  Info

LandingGear
Stereotype Add., i
OnboardElement Select =
Mass 165 kg

O mw
Ocm

r.
X

§ Software Architecture Model

7] m&WArchVariants 3 Crez del
By The MathWorks, Inc.

Vet e e based and Expert i <omeonens

(8 Create a software architecture model. Create a visual representation with software components,
r,,'“':';' ports, and connectors. Specify information exchange between software components with interfaces.
T CuBue > doumic
> tnBus

. Quthus] > - @0uBus)

= finzus: Outtus2 > @ossus2

&
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Learn More

System Composer

Design and analyze system and software arékiites

§ Download a free trial

Simulink Requirements

Author, manage, and trace requirements to models,
generoted code, and test cases

® Watch video $ Download a free trial

Simulink Requirements

Simulink Test

Develop, manage, and execute simulation-based tests

© Wach video $ Download a free trial

Simulink Test

Simulink for System Modeling and
Simulation

Model and simulate all parts of your system
in one multidomain environment

MATLAB and Simulink for Model-Based
Systems Engineering (MBSE)

Design, analyze, and test system and software architectures.

MATLAB and Simulink for
AUTOSAR

AUTOSAR

MATLAB EXP
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