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Key Takeaways

= Digital thread providing traceability between requirements, architecture, and

design

REQ 3.1 ENABLING CRUISE CONTROL ENABLE SWITCH DETECTION
Cruise control is enabled when If the Enable switch is pressed
Implemented Implemented
By By
...................... . o T I reqModaCruiseEl

Detect License Plates.

Display Board Learning Moduie.
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Key Takeaways

= Digital thread providing traceability between requirements, architecture, and
design

= Connected environment for designing and analyzing architectures and
designs
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Key Takeaways

= Digital thread providing traceability between requirements, architecture, and
design

= Connected environment for designing and analyzing architectures and
designs

= Integrated platform for analyzing all parts of your architecture in one multi-

Dynamic Systems State Machines Discrete-Event Physical Modeling
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What does that mean?

Later in the Process

Models

Early in the Process

Concepts/Descriptions

=|
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.__f-\l—s Commanid = SelfLocation
e COMMAND: i
‘ AP & TueRVISL I
1 DriveCom
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MotorEncoderCount |
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. . | BatteryData
sower System isad
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1.1.Normal Mode of Operation ‘

Durning the normal mode of operation, the Fault Tolerant Fuel Control Systeg
shall determine the fuel rate which is injected at the valves

111 Stoichiometric mixture ratio

During normal mode! of operation/the System shall maintain the
stoichiometric mixture target ratio of 14.6

112. Oxygen Sensor (EGO)
The System shall determme the amount of residual oxygen present in §
exhaust gas (EGO) by reading the value of the EGO sensor. Duning a L T
calibratible warm up period the oxygen sensor comrection shall be dnsz‘

-
| -
113, High Oxygen Level -
If the EGO sensor determines a high oxygen level present in the exha f
gas, the System shall increase the fuel rate m order to maintam the —
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What is the Gap?

Later in the Process

Models

Early in the Process
Concepts/Descriptions
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Digital Thread
Connected Environment
Analysis & Simulation Platform
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What goes into the bridge?

Be Intuitive Facilitate Analysis Tackle Complexity Enable Implementation

SOFTWARE

7

ELECTRICAL

=111
=1

MECHANICAL
SYSTEM ﬁ.
e —
=
% O OTHER

| | DISIPLINES

Py B, 3

Digital Thread for Traceability

1. Functional Requirements

1.1. Normal Mode of Operation
During the normal mode of operation. the Fault Tolerant Fuel Control System shall determine the fuel rate which is injected at the valves.

1.1.1. Stoichiometric mixture ratio
During normal model of operation. the System shall maintain the stoichiometric mixture target ratio of 14.6.

1.1.2. Oxygen Sensor (EGO)
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MathWorks Solution: System Composer
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Case Study: electrifying propulsion system

System architecture using System Composer

System requirement traceability

Simulink modeling from system architecture

System update for electrification

Trade studies
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Demo: De Havilland "Beaver" Airplane

= Target: Electrifying propulsion system

File View Location Autopilot Environment Equipment &1 Multiplayer Debug Help Beaver = -
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Start from Requirements

M Requirements Editor

File Edit Display Analysis Report Help
B8 O6 = & e

View: Requirements -

Index Summary
V8 UA%
> @ 1 L Aircraft Capbilities

Ground Station Capabilities
= 3 BLOS Capabilities
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~Properties

- Filepath: \\fs-56-ah\vmgr$\home06\rboldt\Do...

Revision: 23

~ Created by: mlizarra

Created on: 07-Dec-2018 15:50:34
Modified by: gdrayera

Modified on: 12-Mar-2019 15:36:22
Description:

» Custom Attribute Registries
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Easy to Design at a High Level of Abstraction

P4 UAS._ref arch * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help

GG [T - BT ICY ON " o —ne
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UAS_ref_arch |
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Add Detalls for Interfaces

P4 UAS._ref_arch * - Simulink - X
File Edit View Display Architecture Simulation Analysis Code Tools Help
B-o-@ 0 BO-E-@Eg@P = [§-o ] 1@~ -
g UAS_ref_arch Interfaces - X ;
§|['® [Ews rerorch b B g
g @ ~l|  Source: UAS_ref arch.six
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:

s . g Property Inspector ] x‘

£ 1 1
o § 3 Interface : Telemetry | Element : Altitude
3 3 Properties
g NAME
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Automatic Simplified Signhal Routing

’i UAS reference_architecture/Vehicle/Power Subsystem * - Simulink — X
File Edit View Display Architecture Simulation Analysis Code Tools Help
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@ |t -
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Hierarchical System Design
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Case Study

System architecture using System Composer

System requirement traceability

Simulink modeling from system architecture

System update for electrification

Trade studies
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Traceability with Simulink Requirements

File

Maode| Browser {J

’i UAS_reference_architecture - Simulink

Edit View Display Architecture Simulation Analysis Code Tools Help
| = =] =1 = = : [ . \ Eid
Tl g ..‘_‘;@"U@%J‘JW Ky~ ls0 Normal D~ =g~
UAS_reference_architecture
* DUAS reference_architecture P b
2 B A
E3 3 g .
v & E I
=) =]
= Vehicle L 2 g
J m
& &
|_| <1 ualOSdownilir
[C’_‘] b ual OSuplink
[ﬂ
T How 1o run the DeHavilland mode o
™| x 1 Sna tha Aarmenaca Rlnekeat | lears Eiida far inetn ietinne e
< >
Requirements - UAS_reference_architecture ' X
view: Requirements = % @ |2 @ e Search
Lal
B 142 Propulsion Power — | ]
W

Ready

100%

— x

Property Inspector P x

Requirement Set

Deetails
¥ Properties
Filepath: \\fs-56-ah\wmgr$\home06\rbold
Revision: 24
Created by: milizarra

Created on: 07-Dec-2018 15:50:34
Modified by: rboldt

Modified on: 20-Mar-2019 16:06:56
Description:

} Custom Attribute Registries
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Drilling Down to Propulsion Power Subsystem

Ready

4\ MathWorks

ar ' i —_ &
| E¢ v play Architecturs 3t nalysi od¢ Too {elr
v v - v v 6 Normal g 2.4
:9 UAS_reference_architecture Property Inspector X §
1]
8 r rchi n >
gl @ DUAS reference_architecture b Component 8
7] [ = “
B Q B @ ~|  Architecture  Info
~ S S Y a
@ @
¥ 8 [ERtan
v A & 7} z
j 3 9 Name Vehidle
= Vehicle = 2 =
! 2 - Stereotype Add.. %
2 =
G < ual. OSdownlir®
£ |
= |
[:2] D' ual OSuplink
|
= How to run the DeHavilland model
L] - 1. See the Aerospace Blockset User's Guide for instructions
& to set up FlightGear.
L E 2. Install the dhc2 geometry model to FlightGear's data/Aircraft
po ‘.h - directory. The geometry is downloadable from www.flightgear.org.
u ; D T mtbnet CRabbiMane aanmrato mim anmnt snd som sanasatad hatab Il. V.
~. <
Requirements - UAS_reference_architecture
View: Requirements ~ %z I & |4 VNS
- 1.2 Communications
» & 1.3 Payload Capabilities
vigil4 Construction
& 141 Modularity
. 142 Propulsion Power
& 1.5 Flying Qualities < >
100% VariableStepAuto 18




Linking Requirement to Propulsion Power Subsystem

’i UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help

4\ MathWorks

E-o-Be ¢ RBO-B-@94gOP = N-w ] Nm D~
& | Electrical Subsystem
g ® | uas._reference _architecture b [~ vehicle » [™]Electrical Subsystem » v
3|1 =
| #35: Propulsion Power
< 7] NPLEMENTS
= Power Subsystem m<%)
< Engine_Power_Nm_s >
-
propulsionSupply P>
apControlsi— > apControls
enginePower D> |—4{lenginePower
actuatorsSupply P> EnvBusip—{ > EnvBus
0 \
m { ‘h vahiriaSunniv D | nmv
L 1€ >
Requirements - UAS_reference_architecture X
vew: [Recuremenss ~| [ O/@ @ @ = & &L @ € [Searh ]
Index Summary Implemented A
v H UAS_regs
vig1 Aircraft Capbilities
vl Airworthiness
B 111 Range
B 112 Rain Conditions
@113 Power
Ready 125%

= X
Property Inspector X ;53,'
i i
Architecture Info
v Main
Name Bectncal Subsystem
Stereotype Add.. v
> |

VariableStepAuto 19
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Case Study

System architecture using System Composer

System requirement traceability

Simulink modeling from system architecture

System update for electrification

Trade studies
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Create Simulink from System Composer

4\ MathWorks

’i UAS_reference_architecture/Vehicle/Power Subsystem * - Simulink — X
File Edit View Display Architecture Simulation Analysis Code Tools Help
L-OY@3 | ¢ 5 4 S -=-m@del> = - 60 Normal = - -
!g Vehide Monitoring and Control Subsystem ~  Power Subsystem Property Inspector LI
= reference_archi re v
3| o i Explore Compenent
B - i_ ~|  Architecture  Info
il NAME VALUE
[®) [*a] Create Simulink behavior - a X  Main
&= _.(: Name Propulsion Power Subsystem
—= Specify behavior model name to save and link component. Stereatype — v
-
New model name: Eﬂglne_PUWF‘-r_Nm_S | ‘ Browse... ’i PropulsionPowerSubsystem * - Simulink - O X
o) | | File Edit View Display Diagram Simulation Analysis Code Tools Help
e OK | Cancel | | Hel = 1] i
— 2 -8 0 SEe-E-edg®P = | @ v & ~
E -
= Save As Architecture Model... ep >) .l g PropulsionPowersubsy 3
- - . enginePower [> | {engine ® ) 2
O Create Simulink Behavior... ' & (%] PropuisionPouierSubsystem Mk
ply I> ) = @ — —
: Link to Model... E @ g
Add Variant Choice 3 S
. Apply Stereotype ’ =
oly 1> ) PPl typ apControls @)
Create Spotlight From Component T |
L Format r (==
Arrange » O @ enginePower
Signals & Ports r

Reguirements

Properties...
Help

apControls[p— > apControls

apContrals

ﬂmgtuatorDeﬂectors I::v::.ﬂactuator

«

120%

VariableStepAuto

auto{ode23t) 2 1




Link Simulink Model to System Composer

’i UAS_reference_architecture/Vehicle/Power Subsystem * - Simulink

File Edit View Display Architecture

- -

a5 4

Simulation  Analysis Code Tools Help

o= e G Wik .

.

60 Normal K

S E—

4\ MathWorks

Link to Model...

Add Variant Choice

Apply Stereotype

Create Spotlight From Component

Format
Arrange

Signals & Ports
Reguirements

Properties...
Help

apControls[p— > apControls

apContrals

0.00412

(u[2]+7.4)"(u[1]+2010)

<apPropulsion>

<apPropulsion>
apControls

b
(408.0-0.0965*u[1])*(1.0-u[3)/1.225)
o _ |} uprop and tho
&) > e
EnvBus
b
3 Pratt and Whitney Wasp Jr. Engine R-985
Nine-cylinder, air-cooled, radial aircraft engine
Fuel type: 80/87 grade aviation gasoline
3 Dry weight: 290 kg
Power output:
400 hp (298 kW) at 2,200 RPM up to 5,000 ft (1,500 m);
» 450 hp (336 kW) at 2,300 RPM for takeoff

Power-to-weight ratio: 0.625 hp/lb (1.03 kW/kg)
https://en.wikipedia.org/wiki/Pratt_%26_ Whitney R-985 Wasp_Junior

enginePower

auto{ode23t)

!g Vehide Monitoring and Control Subsystem ~  Power Subsystem Property Inspector
% uASJeferEnneialchiIEctwe Ezplore - Component
g - A~ | Architecture  Info
pen NAME JALUE
[ﬁ Ninan 1o blaw Tak ~ Main
[ — . Name Propulsion Power Subsystem
E < "a) Link to model - O > Stereotype o
D — ¥4 Engine_ Power Nm s - Simulink o o X
unkto ﬂ-le Mlﬁed I'I'IOdEl. File Edit View Display Diagram Simulation Analysis Code Tools Help
B-o-8 - BEO-Z-0gO b = (o | s 4 @~ lh-
N Model name: |Engine_Power_Nm_s ‘ | Browse... | e .
ply 1> —
= | ok | cancel  Help
&=
O, Create Simulink Behavior...
ply _/!

VariableStepAuto



Simulink Model Traceability

"i UAS reference_architecture/Vehicle/Electrical Subsystem * - Simulink

Model Browser

File Edit View Display Architecture Simulation Analysis Code Tools Help

E-o-Be ¢ O-BE-w9gOP = KN-& Normal D~ s
Electrical Subsystem
@® [5]uas_reference_architecture » [ Vehicle b [*Electrical Subsystem b A
~
Q #35: Propulsion Power 5
B _~7 IMPLEMENTS
e Propulsion Power Subsystem
~<Engine_Power Nm s >
B
iy b
= apControlsip— > apControls
enginePower D> - {lenginePower
My B EnvBuslp— D> EnvBus
L]
0 ;
iy B
Actuator Power Subsystem
< Actuators >
[
eh nm v

Property Inspector X

Architecture Info

v Main

Stereotype AE -
> SubsystemBudget  Select .2

VariableStepAuto

4\ MathWorks

23



4\ MathWorks

Define Profiles and Stereotypes for Trade Studies

= Define non-functional properties on elements in an architecture model to
verify structural and functional requirements

*i UAS_reference_architecture/\Vehicle/Power Subsystem * - Simulink

- . File Edit View Display = Architecture Simulation Analysis Code Tools Help
Profile: System Standard — ; o
I:b,,j, Profile Editor...
s a Component ' Import Profile...
Ste reOtype' SyStem General % Power Subsystem | | Create Spotlight From Component Remove Profile 4
<l ® EUAS_reference_- Bl |terfaces Aol S
@ e — n pply Stereotype v
Property: Element ID 3l o
PI’OpertyZ COSt [ =] System Composer Profile Editor — O >
. ’ =] system Composer Profile Editor 8
r ~ Describe architecture profiles, stereotypes and custom property sets for use with System Composer architecture models. show more...
Stereotype: System Component |
Profile L',E,New Profile __:g Open Save é,:{ Stereotype SE, New Stereotype z:ﬁ Import into model = Select model |~ \‘_?)
Property: Deve l_opment cost Profile Browser Stereotype Properties
Property: Required hardvyare Filter profiles by model: <all> ~ Name: SubsystemBudget |
Property: Development Time
L ) Applies to: Component v < Icon
v [=] UAVComponent . - .
- N < SubsystemBudget Base stereotype: |<nothing>
Stereotype: Physical Connector [ Abstract stereotype
Description: \Represents the base component of UAVComponent
Property: Ler_lgth ] [R® e
Property: Unit cost .
. Property name Type Name Unit Default
Property: Material
L ) 1 Mass double *In/a kg 0
\ J 2 Power double *In/a mw 0
<




Define Profiles and Stereotypes

Model Browser

’i UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help

4\ MathWorks

E-O-Be 488 -E-w9gOP » |- Normal D e
Electrical Subsystem '
* @UAS_refeenoe_ard&tecmre » DVehide » DBectricalSubsystem » v
~
Q #35: Propulsion Power Y
_~7 MPLEMENTS
e Propulsion Power Subsystem B=af
‘< Engine_Power_Nm_s >
B
iy b
— apControlsilp— > apControls
enginePower D> - {lenginePower
iy B EnvBuslip— D> EnvBus
L]
O
Ay B
Actuator Power Subsystem ‘:’ﬂ
< Actuators >
]
&
« nmv

=
Property Inspector ? X
Component
Architecture Info
v Main
Name Wﬂ Power Subsystem
Stereotype Add.. .
Vv SubsystemBudget  Select e
Mass 290 kg
Power 350000000 mwW

Saoepau]

VariableStepAuto
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Simulation in System Composer

eference_architecture/Vehicle - Simulink

% uss.

File Edit View Display Architecture Simulation Analysis Code Tools Help

Vehicle

4\ MathWorks

Model Browser

— v (= - ) % L v |60 Normal Y: ¥ fe2z3) ¥
g
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Case Study

System architecture using System Composer

System requirement traceability

Simulink modeling from system architecture

System update for electrification

Trade studies
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Propulsion System Change to Electrified System

L UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink = X
File Edit View Display Architecture Simulation Analysis Code Tools Help
EHE 2 iid
E-o-Be ¢ RBO-EB-04OP = - Norma | |~
= | Electrical Subsystem Property Inspector vx] 5
E @® [ uas_reference_architecture » [ Vehicle b [™] Electrical Subsystem » “ || Requirement: £35 g
2| ~|| Details ]
I Q {#35: Propulsion Power | —rrere-
| IMPLEMENTS 1
B Type: Functional =
= , Iﬁl Index: 142
qu_m_“n_.} Custom ID: |-‘335 |
B summary: |Propulsion Power |
iy P Description  Rationale
apControlsf— b apControls e
) The original gas engine of the aircraft shall be replaced
enginePower P> - 4{enginePower by an equivalent output electrical motor, able to supply
at least 350 kW of mechanical power at 2,300 RPM.
B sy b EnvBusfp— I EnvBus
A
(i '*f nm v
- LC =
Requirements - UAS_reference_architecture # X | Keywords: |
vew: [Reuiremens - || O [@] 3/ B & B8] @ € O | ks
Index Summary Implemented ~ ¥ Links
vE Construction = ¢= Implemented by:
H 141 — DE Ision P Sul
B 142 Propuision Power
yE 15 Flying Qualities *
B2 Ground Station Capabilities € *
# Comments

28
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potlight Views

P4 UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink Explore = X
File Edit View Display Architecture Simulation Analysis Code Tools Help Open As Top Model
E'D'HIOQQEEO'E'!‘QQIP = A~ e | Nomal & cut Ctrt+x
& | Electrical Subsystem & copy Ctri+C e
g ® [TJuas_reference_architecture » [™vehicie b [™]Electrical Subsystem b @ ::e ;‘:'V - %
s
= E
h enginePower.{;p’;_-:
dly D) | - Signals & Ports »
apControls@— b apControls —— > JI o Requirements »
=] : } enginePoy  Block Parameters (ModelReference)
dy D) EnvBus@— D> EnvBus £ el Help
& actuatorDeflectorsfp{ >
- _
My >
-
‘;, T
= * Needs for analyze large and complex system
e I——ﬂ — Generating simplified spotlight with filtering
«lc ; - — Capturing upstream and downstream dependencies

Ready TR o




potlight View Change to Another

’i UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help

B-o-@cr BO-B-@4OP @ [[-o ) o g

@~ -

Electrical Subsystem

@© |77]uas_reference_architecture » [|Vehicle » [~ Electrical Subsystem »

Model Browser

@
|

—(black): Components connected in same level
—(grey): Components connected in different level

Spotlight

JoyRdsul Apedold  saoepAqu]

4\ MathWorks
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Replace Simulink Models in System Composer

’i UAS_reference_architecture_electric/Vehicle/Electrical Subsyster * - Simulink - X
File Edit View Display Architecture Simulation Analysis Code Tools Help

B-o-Be OB 94OP = [[-& ] N 7| @ -/
& | Electrical Subsystem
@ [ uns_reference_architecture_electric B [~ |vehicle b [™| Electrical Subsystem b -

Model Browse
Q.
>
Sa0epEU]

O E BADO

Explore
uums.mp;: Open
[ Open In New Tab
Open In New Window
| |
mé,‘— : ‘ Cut Ctrl+X
& copy Ctri+C
- [ l'.',t Paste Ctrl+V
Delete Del
| Save As Architecture Model...
| Create Simulink Behavior...
W.—q spContrals __?_“HE]IW-:‘ b)—.i Add hoice
h Apply Stereotype L
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Case Study

System architecture using System Composer

System requirement traceability

Simulink modeling from system architecture

System update for electrification

Trade studies
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Early architectural decisions often have non-functional
Implications

+ Electric motor + Battery

What is the impact of extra weight
on the range of the flight time?

Non-Functional Properties

>% b __________________ >
MATLAB EXPO 2019 |
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Stereotype Change for Impact Analysis

File Edit View Display Architecture Simulation Analysis Code Tools Help

B-o-8 o B0 E 0P K5 ] ke -

i

@ ~| @

" Electrical Subsystem Property Inspector ? x|/
% ® |[FUAS_reference architecture_electric b [™ | Vehicde b [ | Electrical Subsystm b ~ Ml Gaipones %
:E E “ | Architecture | Info | ]
i NAME VALUE
£z ¥ Main .
[ Name Propulsion Power ...
— Sterectype Add.. -
- v SubsystemBudget Select
Mass 100 kg
|Power tsmmm
= enginePo
| apControls B apControls
L F o n e enginePower [ enginePower
EnvBus| B EnvBus
L
actuatorDeflect
(i
| uaPropulsionConfigui
i
L
« |« I >

VariableStepAuto

4\ MathWorks
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Trade Studies

File Edit View Display | Architecture = Simulation Analysis Code Tools Help
- »
E-o-@8l ¢y ™ 7 R 7| @ | &~
e Component » =
|| Electrical Subsystem Property Inspector ? x|
| Create Spotlight From Component |
| ® |[FuAs_reference_a e > Y
Sty NAME VALUE
& Create Component from Selection N P o —
™ P v SubsystemBudget | Select 42
Mass {100 kg
Block Parameters (ModelReference) ‘Power 175000000 mW
Properties... enginePo\
o apControls P apControls
=] E : @
+{ T enginePower P> enginePower
(=] H=roe 1] T
EnvBus P> EnvBus i p Mg
D L 4 St . } g N
actuatorDeflect
i
B | uaPropulsionConfigul
B lmg
« e I >

4\ MathWorks
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Trade Studies

| 4 ! Continuous

BottomUp

[57 Instances
4 [Jj UAS_reference_architecture_electric_budgetRollup
o BVLOS Navigation
4 [ Ground Station
4 B Communication Box
o Ground Station GPS interface
o USB Serial Converter
o Wireless Communication Subsystem
o GPS receiver
4 B9 Guidance and Navigation Computer
o Flight Commands
o Payload Computer
4 [ Vehicle
4 9 Communications Subsystem
o Automatic Dependent Surveillance-Broadcast
@ C-Band Radio Modem
o KU-Band Radio TX/RX
2 On-Board GPS
o Radio RX PPM/PWM
«BF Electrical Subsystem
@ Actuator Power Subsystem
o Power Distribution
o Power Monitor
o Power Source

oy

—
O Prop! oV

o Vehicle Powe'r'Subsyste'fn
o apRegulator
o commRegulator
o plRegulator

o Environment

Mass

4\ MathWorks

Power 2£| INSTANCE PROPERTIES (]
39233 200614300 ~
0 0 Nodelnstance: Propulsion Power Subsystem (Electric)
0 0 Property Units  Value Edit
g_ g 4 [ SubsystemBudget
0 0 FH Mass kg 100
0 0 ] Power mW 200,000,000
0 0
0 0
0 0
0 0
392.33 200614300
263 58050
0.05 5000
0.05 2000
25 50000
0.01 50
0.02 1000
143.15 200355090
8 300000
10 1000
0 0
20 1000
100 200000000
5 50000
0.05 20
0.05 1070
0.05 2000 | .
0 0% 3 36




Simulation with Electrified Propulsion Power System

* Measures: Max. 250V / 600A
* Power demand: 150kW
* Energy demand: min. 75kWh (for 30 min flight time)

\
[ Y v || File Tools View Simulation Help
[ 2

Q- 4P E® |- A-|C- £

4\ MathWorks

o
. A > ‘ @
« Battery mass: 300kg (with 250Wh/kq) 0
o/ -t -t A ]
I { B
3 e
1 ] :
L Y Y g ‘
- v ) . - v -
D Communécations Subsystem 2 Payload or Cargo '-3"'1 Electrical Subsystom -"| Vehicle Al
[F17_ Camying Gapaaty B
Wrcraft shall be able to carry up to)
1300 kg of payload
3
Am:ra:shnll provide :m!mu Pount 4)— prfower
holume with at Jaast 8 mA3 Wrcraft shall provide oloctrical
power o operate all cnboard
el T8 Detauk Payren Y :‘;mn".‘?;rc;r the camplets duration
n
»— s T )
.-
(e IRunning Sample based | Offset=0 |T=58.160
E:I | mei mode (lateral-directional)
= = hyirg quali Il mont Level 1
e ‘ lcm:}’l: from the MIL.F-8785C v
« |¢ >
Running 60% 1=58400 NNEZ auto{ode23t)
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System Composer neweroouct

§ AZEFN T A Y EFE 2
2

System Composer

Design and analyze system and software— __
architectures

§ Download a free trial

," NG s
b \

https://kr.mathworks.com/products/svtem-composer.html

System Composer™ enables the definition, analysis, and specification of

architectures and compositions for model-based systems engineering and software
design. With System Composer, you allocate requirements while refining an
architecture model that can then be designed and simulated in Simulink®.

System Composer lets you create or import architecture models that describe a
system in terms of components and interfaces. You can also populate an architecture
model from the architectural elements of Simulink designs or C/C++ code. You can
create custom live views of the model to study specific design or analysis concerns.
With these architecture models you can analyze requirements, capture properties via
stereotyping, perform trade studies, and produce specifications and ICDs.



https://kr.mathworks.com/products/system-composer.html

4\ MathWorks

Digital Thread from Requirements to Architecture and Design

Simulink Requirements

Author requirements or
view from external source

Summary: |Range [

Descrlptlon Rationale
| (B

The aircraft shall be controllable for all
distances within line-of-sight

ldentify gaps in
architecture or design

Implemented Verified

G A )
- o1 )
__| Implemented: 16, Justified: 0, Mone: 2, Total: 18

MATLAB EXPO 20189

Link requirements, architectures,
design, code and test

|#35: Propulsion Power b |

Propulsion Power Subsystem ¥<"a
e

ldentify impact of requirement changes

L} counter

Issue: Destination Changed. i

= «= Implemented by: I
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Intuitively design system and software architectures
System Composer

Description

[ i ) o ==
e L_S Architecture
Deteck ‘ DS?“Y
Boavd

MATLAB EXPO 2019
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Perform trade studies based on data driven analysis to

optimize architectures

Add custom data

Create analysis model

,ff ~ Architecture Info
T Power Unit =
v Main
Name Power Unit
12v b Stereotype Add..
- 28V v OnboardElement Select
24V Mass 0.217 kg
Power 0 mw
RFHarnessLength 0 cm
6V >
- 29V Battery *
Pwr Unit Status [> —+@l PwrStatus
5 £l

MATLAB EXPO 2019

SmallUAV
Instances Mass(kg)
« [ SmallUAV 0
4 [ Airframe 0
o Fuselage 1.7
o LandingGear 1.65
o Tail and Boom 2.7
o Wings 3.2
4 5 Flight Support Components 0
4 ] ADSB Module 0
o ABDSB Antenna 0.058
o ADSB Board 0.098
4 F3 GPS Modul . 0
o GPS 0.128
o GF: 0.27
o Pitot Tube 0.075
4 [ FlightComputer 0
o Main Board 0.145
m Pratantiva Caca n1aR

Calculate mass roll-up data

SmallUAV
Instances
« [ SmallUAV
4 3 Airframe
o Fuselage
o LandingGear
o Tail and Boom
o Wings
a B Flight Support Components
4« FJ ADSB Module
o ABDSB Antenna
o ADSB Board
4 B3 GPS Module
o GPS Antenna
o GPS Board
o Pitot Tube Module
4 3 FlightComputer
o Main Board

o Protective Case

Mass(kg)
15.932
9.25
1.7
1.65
2.7
3.2
0.629
0.156
0.058
0.098
0.398
0.128
0.27
0.075
0.388
0.145
0.195

4\ MathWorks
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Tackle Architecture complexity with spotlight views

Composition

‘fugm Support Components |

[#25: Flight Computer .
v 7 A
g g i
g ] Q -
| T
5 <
@
4
& a Payload
3 3 i |
2 i &
g g 4 : 4 )
LA < < b operat™ ====""ata Link }—4@Data Link
Ve - 1 :
FlightComputer L
Propulsion
GS Commands p—{p» GS Commands
: Payload Cmids B
—_— -
= arqy— {qdT
{Status b b Engingéia ignirol Surface Cmds b

= uellevel B} ﬁ B Fuellev™

PwrStatus b’ &> PwrStatus

lightCmds b)————{ b lightCmds

PurSas

Telemetry

=
SupervisoryComputer L]

(b FuelData ©

(b EngineStatus s

MATLAB EXPO 2019

Spotlight

FlightComputer

=

FlightComputer/Main Board =] %

ADSBData p}

4\ MathWorks

Airframe Lﬁ

{» ctriSricDeflection

» lightCmds

f .
> ArData b Atibata ( ADSBDala
) Control Surface Cmds >
- b EngineStatus Control Surface Cmds
EngineStatus
Light Cmds p -
> FuelLevel ( lightCmds
Fuelevel j Payload Cmds [»
> b GPSData Payload Cmds
GPSData j RFSignal
> » GS Commands
G5 Commands Telemetry p
( Telemetry
> PwrStatus
PwrStatus aTp

1 P cw

U P
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System and software architectures connected to
Implementations in Simulink

Generate Simulink models from Link Simulink models to
architecture components architecture components

mainPowerBus & > propulsionSupply h

>eplSupply ADD erMeasurements

IMPLEMENTATION

>ecommSupply HERE iatorsSupply i R

Power Subsystem (Electrc) 1

>eapSupply >evehicleSupply PO — et
Autogenerated by System Composer on March 25, 2019 2:00 pm EST / i soConkoD b spConih - l et tetacks 5} @k Ooteckrs
H

MATLAB EXPO 2019
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Simulink: A Multi-Language Simulation Environment

Dlscrete Event Systems

MATLAB EXPO 2019

Physical Modeling

k = 20;
max = 40;

71

-] for k=1:max;
XFFT = ffc (da
xfft = abs (xXF
mag = 20*1logl
i l magl = mag(l:}
Jl end

Object‘Orlented

4\ MathWorks
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Learn More

- Simulink Requirement Webpage

= System Composer Webpage

= System Modeling and Simulation Webpage

MATLAB EXPO 2019

4\ MathWorks
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https://www.mathworks.com/products/simulink-requirements.html
https://www.mathworks.com/products/system-composer.html
https://www.mathworks.com/solutions/system-design-simulation.html
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