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MATI

System Composer

= ...atool for describing architectures

= ...but what is an architecture?
— It describes how something works and why.
— It will contain levels of details.
— It will be traceable.
— It may exist alongside other levels — each is a candidate design.



MATLAB

Systems Engineering

= From incose.org:

Systems Engineering is a transdisciplinary and integrative approach to
enable the successful realization, use, and retirement of engineered systems,
using systems principles and concepts, and scientific, technological, and
management methods.

— Multi-disciplinary
— Combines business and technical
— Uses formalisms such as SysML


https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#TRANSDISCIPLINARY
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#INTEGRATIVE
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#ENGINEERED_SYSTEM
https://www.incose.org/about-systems-engineering/system-and-se-definition/systems-engineering-definition#SYSTEMS_PRINCIPLES_AND_CONCEPTS
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System Composer and SysML

SysML
Diagrams
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How things compose and connect
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Bringing it all Together
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Core Concept: Projects

—MBSE PBSE: Project-Based Systems Engineering

= "Project” = a container for the design
— Models
— Data
— Definitions
— Requirements
— Links
— Tests
— Reports
— Code

= All items backed by a version control system (Git)

MATI
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The Project

PROJECT

[ - 51  [= Details % @ $ Fetch =
e :
| H.P | < ,E, s [é}\; = i > {5 Remote [ Submodules
& :
New Open Share Dependency Class Model Testing References B Project Fath Git Refresh Commit Rsh y Branches ‘ Stashes
| w v v Analyzer Diagram Dashboard \g) Startup Shutdown  Details & pull
‘, FILE i TOOLS ENVIRONMENT SOURCE CONTROL a
}Views All | Project (78) = Modified (0) {} L \? Layout: |Tree ~ ©-
| 22, Dependency Analyzer @ asbCubeSatSimulation v .
, @ " CubeSatMBSEModel vis
[ CubeSatRequirements v [_:)7
# " MissionAnalysis v
‘ ® presaved v 1:51
’ 4 ProjectTasks v 13’
’ work viE
gitattributes v
.gitignore v
I
'Labels V.
G Cﬂj Classification
Git v
Current branch: master
Branch status: Normal
Coincident with /origin/master
Details A

MATLAB BEXlPO
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Project Dependencies

[ ‘ Project - EXPO23EXAMPLE == 0 X
PROJECT g 5 AL
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G_P * < 5, % oy E&L @ > & Remote & Submodules
. v (9 Project Path : ! Push
New Open Share Dependency Class Model Testing References Git  Refresh Commit ij Branches ‘@ Stashes
v v v Analyzer Diagram Dashboard [ Startup Shutdown ~ Details & pull
FILE TOOLS ENVIRONMENT SOURCE CONTROL ~
Views All| Project (78) | Modified (0) AT  Layout Tree v @-
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ﬁ Dependency Analyzer & asbCubeSatSimulation v :
# " CubeSatRequirements v .
& 2 MissionAnalysis vis ’
+ ° presaved v 5
# " ProjectTasks vz .
work vE
] .gitattributes v
] .gitignore v
Labels V.
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Git v
Current branch: master

Branch status: Normal
Coincident with /origin/master

CubeSatMBSEModel (Folder) L‘]II 0 labels ~

MATLAB BEXlPO
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System Requirements

3 Req ne
REQUIREMENTS
§Y E Save ~
2 Import
New Open l-_'.-y
Requirement Set
FILE PROFILE

= El‘
o
o y

Add Show Show ¢ E ~ Search | Traceability Traceability Model Testing = Export
Requirement = Link ~ & Requirements | Links Matrix Diagram Dashboard v
REQUIREMENTS LINKS VIEW EDIT ANALYSIS SHARE -

-

“ 2 S fvyv-a- QA B S R

v % SystemRequirements

> B1 #1 Provide visual imagery

To create a new requirement set to store requirements, click New Requirement

Set -~ Save the requirement set to assign a name.

To add a requirement to a requirement set, select the requirement set and click
Add Requirement E‘\'P In the Properties pane, enter details for the
requirement.

To add a child requirement, right-click a requirement and select Add Child
Requirement.

To link a requirement to a block in your model, select the block, then right-click
the requirement and select Link from "object name" (object type). A link
appears in the Links pane.

For information on linking using the Requirements Perspective, see Getting
Started in the documentation.

To view the loaded links, click Show Links in the toolstrip.

Change the source - destination relationship by selecting a link, and choosing a
Type from the dropdown list in the Properties pane.

MATLAB EXPP
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System Model
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MATI

Traceability

= The “Digital Thread” is built on a link primitive

— Relates arbitrary things
= Requirement, model, model element, test case, MATLAB code, C/C++ code
= Custom targets, e.g. external SysML tool

— Special types
= Simulink or Stateflow implementation

¥ Properties
= Allocation Source: = Verify visual imagery
— Categorised Type: Verifies
= Relate, Implement, Verify, Derive, Refine, Confirm Destination: || Provide visual imagery
= Custom Description  Rationale
_ Dlrectlonal Provide visual imagery
— Traceable / reportable
— Mergeable

18



Links
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MATLAB BEXP

Link Traceability
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Link Traceability
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Stereotypes
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Shared Interfaces
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MATLAB BEXlPO

Shared Interfaces
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Shared Interfaces
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Parametric Studies / Analysis

u Editor - C\Projects\expo\EXPOZIEXAMPLE\asbCubeSatMBSE\MissionAnalysis\System Tests\ « my TestPrg\groundCoverage Test.m

EDITOR PURLISH

{PDEMComp&n' w¢

New Open Save & print
-

v -

FILE

Go To

-

2 £ » - s Break

é@ % " e & profiter EJ s“m" >

4 Find ¥ Refactor 2 @ e g‘RuiuuAnque Run

a Bookmark ¥ - Ea - Section Run to End N
SECTION

NAVIGATE CODE ANALYTE

S O

Step  Stop

RUN

ponggptm

ponggpt2.m

chessgpt.m

chessgpt2.m

chessgptd.m

sensorMadelSingleStep.m
ppingToolboxAnalysis.mix

satelliteScenarioAnalysis.mix

gvdemrqgngm

show_saved_scenario.m

MBSETemplateOverview.mlx

+

»

2
2[-
3

function groundCoverageTest(test)

% Custom verification function used by systemTests.mldatx to verify

% complighco with Requirement 1 - “Provide visual imagery"

% Copyright 2021-2022 The MathWorks, Inc.

cubeSatModel = systemcomposer.loadModel("asbCubeSatArchModel");
enterpriseComp = cubeSatModel.lookup(“Path", ...
“asbCubeSatArchModel/CubeSat Missi
startDatelD = getEvaluatedPropertyValue(enterpriseComp,
“CubeSatProfile.CubeSatEnterpri
startDate = datetime(startDatelD, ConvertFrom="juliandate");

% Use satellite scenario access analysis to confirm sensor images
% ground station at least once during simulation
sc = satelliteScenario(startDate, startDate + hours(4), 60);

% Add ground station to scenario
gs = groundStation(sc, 42, -71, Name="MathWorks HQ");

% Add satellite from saved position data
loggedPos = test.sltest_simout.yout{1l}.Values.X_eci;

bn Enterprise”);

se.MissionStartDate");

sat = satellite(sc, loggedPos, Coordinateframe="inertial”, Name="CubeSat");

Zoom: 125%  |UTF-8 [t

Mwm‘l’ést n 19

Col 58

MATLAB EXIPO
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MATLAB B>

Parametric Studies / Analysis

4\ Satellite Scenario Viewer = 0

CubeSat

MathWor \s HQ

Jul 12019 Source: Esri, Maxar, Earthstar Geographics; and mgt_éls User Community \

13:1219 UTC

PRITIES 1:00:00 UTC Jul 12019 12:00:00 UTC Jul 12019 13:00:0QUTC Jul 12019 14:00:00 UTC
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MATLAB EXIPO

Concurrent Working

4 Project - EXPO2IEXAMPLE

Model Testing | | References (3 Project Path
Ll startup Shutdown
ENVIRONMENT SOURCE CONTROL =
Al | Project (78) | Modified (0) AT Layout Tree ~| @-
[ Name ~ i Git
@ ° asbCubeSoatSimulation
1+ 7 CubeSatMBSEMode!
15 7 CubeSatRequirements

@ S % @ =Y ?::‘ 1@ Remote [ Submodules
Git  Refresh Commit
: R U Branches @ Stashes

_) gitattributes
] gitignore

Labels
@ (" Classitication

Git v
Current branch: DESIGN_CANDIDATE_2
Branch status: Normal

Coincident with
forigin/DESIGN_CANDIDATE. 2
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Comparisons

@ Propct - EXPOZIEXAMPLE

Q0@ E

v
v
v
v
v
v
v
v
&
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Concurrent Working

o\ Branches X

Current Branch

4\ Project - EXPO2IEXAMP

PROJECT Name: DESIGN_CANDIDATE 2
HEAD: f{d68¢61cbafb1e501968656038427433¢12b13 ) Revert to HEAD R e |
el
Branch Browser @ Stashes
Branches] DESIGN_CANDIDATE 2 v| @swich N Merge | =

D: 11068c61cbB1b1e50196865603842d7433¢12013 " Layout [Tree +| @~
: Tree: v

HEAD THWORKS-CYMpj.dhcp.mathworks.com)
[ (origin/mast..) Updated test to show HQ -
Added denves traceability for requirem ents pjdhcp.mathworks.com)
Moved simulation models into same project (to 2023-09-29 112450
t t taken from CubeSat example, 23b
e e Added faliback spacecraft command capability to the ground station.
1 W Differences from parent 5be55(764d252931e14d58ec9¢ 1082848
313 CubeSatMBSEModel
Labels
@ ("Il Crassification
Git :
Current branch: DESIGN_CAN|
Branch status: Conflicts
Coincident with
/origin/DESIGN_CANDIDATE_
~ Branch and Tag Creation ~
Help Close
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Concurrent Working

4\ Branches *

Current Branch

MName: master

HEAD: 8d0a452b49637abe26d70943f6e93953f2810985 @ Revert to HEAD
Branch Browser

Branches: master v| & Switch o Merge |~

Author 1D: 8d0a452b49637abe2bd70943f6e93953f281b985

Author: mwalker
m HEAD (mwalker@MATHWORKS-CYMpj.dhcp.mathworks.com)
+ | orlglnfDESI Added fallback spacecraft command |mwalker ... | |(Committer: mwalker
| o |BESIGNICANDY (origin/DESI.. | Added mission peimwalker ...| (mwalker@ MATHWORKS-CYMpj.dhcp.mathworks.com)
+ Added derives traceability for requirements mwalker ...| Message:
¢

Updated test to show HQ better and share results formwalker ... | Date: 2023-09-29 12:38:13
Accepted changes from design candidate 1

Moved simulation models into same project (to enablemwalker ...

Project snapshot taken from CubeSat example. 23b mwalker ...

= B Differences from parent 5562aa3a6cff5ba251693019d657b0ebT:

B3 CubeSatMBSEModel

=M Differences from parent ffd68c61cb8fb1e50f96865e03842d7433
B+ CubeSatMBSEModel




Multiple Systems Tools

-
== Capella

@ integrity-

ARTSAN

\nsys

[

MagicDraw

@amr0
SYSTEMS MODELER

ENTERPRISE

- BIEAREX -

@ CORE

G=esvs 5.0

Requirements Interchange Format

XMI

MATLAB EX

v

v

---(b CP2

System Compose

___________________________________________________________________ f

Requirements

|h| Capabilities
|h| Constraints
|£| Physical_Actor_Fu...
|h| Logical_Functions
»E1
> BE 2
> E 3
> B 4
v E s
v [E 51
B 511
B 512

(R T B S S B
=R

R I O TR I I I

w
=

A

v

[sw] max_DC_voltage
[s] min_DC_voltage

41

[ou] max_Temp
i
[Io

[

.
] Max_Force
ou'a] Voltage

;

L".i] Input_Power

[L?.i] Max_Voltage_DC

~\

Perform Cabin Management ... .
Entertain with IFE System L I n kS
Provide Aircraft Information, ...
Perform Maintenance, Config...
IFE System

Provide Aircraft Interface

Capture Aircraft Notifications.

Determine Operating Profiles

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII’

<
O
QD
—
Q

28.5 double [ real [1 [1 volt
275 double [ real [1 [1 volt
200 double [ real [1 [1 deg(
[1 double [oa] real [1 [1 M
230 double [11] real [1 [1

750 double [111 real 1 1 W
28.5 double 1 real [1 [1
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Linking Apples with Apples
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Dictionaries  :

MATLAB
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It ------ -‘
3 Tests |
|~ ------ ’
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MATLAB EXP

System Composer for Software Architectures

|

From System
Architect

!
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Needs

W

SIMULINK

ARING DD$ #iROS = A

AUTO SAR m

Software Requirements ]
& Use Cases REQUIREMENTS »

|

Software
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\Qespond to changes

-

Software Architecture:

Structure & Behavior

~

SIMULINK

J

Communicate \ ( /

;-
|

Multiple Viewpoints ] [

Software Validation

TEST

Component @

Implementation fi SIMULINK &
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MATI

We Have Seen...

= Systems engineering and notation
= Atop-down walk through the levels
= Traceability

= Versioning

=  System simulation

= Concurrent working

= Connections to external tools
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MATLAB B>

CubeSat

MathWorks HQ

50x ‘
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MATLAB E>

UNITED KINGDOM

Thank you

/A MathWorks’

© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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