" MathWorks

Connecting System Architecture to Model-Based
Design

Lyle Shipton
Application Engineer
MathWorks

Plano, TX

© 2017 The MathWorks, Inc.



&\ MathWorks

Agenda

= MathWorks Overview

= System Architecting and Model-Based Design
— User Needs
— Current workflows
— MathWorks solution
— Example

= Summary
= Resources



4\ MathWorks

Background

= University of lllinois at Urbana-
Champaign
— B.S, M.S. Aerospace Engineering

« SpaceX Rocket Development Facility
— Test Engineer
— Lead Engineer, Integration & Test

= Eaton Aerospace, Fuel and Motion
Controls
— Lead Aerospace Systems Engineer

-  MathWorks, Application Engineering
Group
— Lead Engineer, Aerospace applications
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MathWorks at a Glance

= Privately held
4500 employees worldwide
More than 4 million users in 185 countries

Earth’s topography on a Miller cylindrical projection,
created with MATLAB and Mapping Toolbox.

Office locations Distributors serving 16 countries



Key Industries

= Aerospace and
defense

= Automotive
= Biological sciences

- Biotech and
pharmaceutical

=  Communications

= Electronics

- Energy production
= Financial services

Industrial automation
and machinery

Medical devices
Metals, materials, and
mining

Neuroscience
Railway systems
Semiconductors
Software and internet

4\ MathWorks
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Core MathWorks Products

MATLAB

Math. Graphics. Programming.

Designed for engineers and scientists
Professionally developed, tested, and documented

Toolboxes for:

— Machine learning, data analytics, deep learning, image
processing and computer vision, signal processing and
communications, computational finance, robotics and control
systems

Interactive apps that automatically generate programs
Easily scales to clusters, GPUs, and clouds

Direct deployment to production enterprise applications
Automatic conversion to embeddable C and CUDA code
Integrates with Simulink to support Model-Based Design

4\ MathWorks

4\ MATLAB R2018a

HOME PLOTS A

<= EAa b C: b MATLAB »

B B Live Editor - CAMATLAB\ExploringExoplanets.mbc
ExploringExoplanets.mix
How Far Away Are these Planets?

There are 90 exoplanets within 50 light-years of earth and
450 exoplanets within 200 light-years

xlim([e 1eee])
ylabel 'Number of Planets’
xlabel 'Light Years from Earth’

Where is the nearest exoplanet?

idx = find(exoplanets.st_distance
name = char(exoplanets{idx, st_r H

dist = 3.26%exoplanets{idx, 'st_distance’};
fprintf('The nearest exoplanet is around %s, %

histogram(3.26*exoplanets.st_distance, 'BinWidth’,

What Types of Stars have Planets?

We can look at the exoplanet archive to see what types of

= =
o
200 40 60C 80 1001
Light Years from Earth
The nearest exoplanet is around Proxima Cen, 4.21 lignt years from eartn
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Core MathWorks Products

SIMULINK

Simulation and Model-Based Design

Model and simulate your system
— Use one multi-domain environment
— Model the system under test and the plant
— Simulate how all parts of the system behave

Test early and often
— Test your system under all conditions
— Validate your design with real-time testing
— Trace from requirements to design to code

Automatically generate code
— Generate production-quality C and HDL code
— Deploy directly to embedded processors or
FPGA's/ASIC’s

L rct_helico - Simulink

File Edit View Display Diagram Simulation Analysis Code Tools Help

-

rct_helico
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Key capabilities for engineers and scientists

Verification, * Test and * Model checking  * Code verification * Test automation
Validation, measurement * Certification kits * Requirements
and Test * HDL verification authoring & mgmt.
Automatic * Rapid *Embedded  *Hardware support *PLCcode  *MATLAB *HWI/SW
Code prototyping code packages * HDL code to C/HDL  co-development
Generation and HIL * GPU code
System : ; *DSP designs  *State charts  *Physical ~ *Discrete-event ~ *Computer ~ *RF * Robotics and
Modeling and I Simulink I * Communications modeling  simulation vision *Phased  autonomous systems
Simulation systems * Video processing array * WLAN/LTE protocols
Data Analysis * Control design * Optimization ~ *Image * Computational * Computational * Machine * Deep learing
and Algorithm * Signal processing  * Statistics processing finance biology learning * Sensor fusion
Development * Text analytics
_ * Application * Student version * Parallel computing * MATLAB Mobile :i\i/%gaéaA "
Technical g n A AT AB I deployment e Instrument and for phones/tablets . AzUre suppo
Computing datab fvit . , Enterprise integration
atabase connectivity MATLAB Online * ThingSpeak for loT
1985 1990 1995 2000 2005 2010 2015
MathWorks
founded
in 1984
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MathWorks Product Overview

Event-Based Modeling Physical Modeling Applications

Real-Time Simulafion and Verification, Validation, Simulation Graphics and

Testing and Test Reporting

SIMULINK"

Simulation and Model-Based Design

Control Systems

Signal Processing and Communications

Image Processing and Computer Vision

Test and Measurement

Computational Finance

MATLAB

The Language of Technical Computing

Computational Biology

Math, Statistics, and Application Deployment Database Access and
Optimization Reporting
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How is this done today?

the fuel rate which 15 injected at the valves.

1f the EGO sensor determines a high oxvgen level present in the.

Textual
requirements

23



"How is this done today?

the fuel rate which 15 imjected

Architecture sketches are
difficult/impossible to
trace to requirements

4\ MathWorks
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"How is this done today?

the fuel rate which 1s injected at the valves.

Architecture models
traced to the
requirements

o

ath {
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P
SelfLocation [l UL
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DrniveCo
MotorEncoderCount
T
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"How is this done today?

: —
1.1.Normal Mode of Operation
During the normal mode of operation, the Fault Tolerant Fuel Control Sy
shall determine the fuel rate which is injected at the valves
111 Stoichlometric mixture ratio

mixture target ratio of 14.6
112. Oxygen Sensor (EGO)

exhaust gas (EGO) by reading the value of the EGO sensor m-. .
calibratible warm up period the oxygen sensor correction shall be dig
i

112 High Oxygen Level

waGOwnwvdﬂmuu n m\k vel present in mr d

System of Systems

So0S
I EWATES

Trade studies determine
acceptable/optimal
architectures

‘ MathWorks:
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| _ _ ‘MathWorks*
How is this done today?

System of Systems

~L.1.Normal Mode of Operation
During the normal mode of operation, the Fault Tolerant Fuel Control Sy
shall determune the fuel rate which is injected at the valves

111 Stoichlometric mixture ratio
During normal model of operation ] the System shall maintain the
mixture target ratio of 14.6.

1.12. Oxygen Sensor (EGO)
The System shall determine the amount of residual oxy gen present i
exhaust gas (EGO) by reading the value of the EGO sensor During
calibratible warm up period the oxygen sensor correction shall be dig

SoS
I EWATES

Design models
traced to
reqguirements

27



'How is this done today?

L.1.Normal Mode of Operation
1ng the normal mode of operation,

System of Systems

Design models
traced to
requirements

Design models traced to
architecture models?

4\ MathWorks
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| How iIs th

IS done today?

L.1.Normal Mode of Operation
During the normal mode of operation, the Fault Tok
shall determine the fuel rate which is njected at the \

ant Fuel Control Syst
e

111 Stolchlometric mixture ratio

During normal model of operationthe System shall mantam the
stoschiometric mixture target ratio of 14.6

112 Oxygen Sensor (EGO)
The System shall determine the amount of sesidual oxygen present i
exhaust gas (EGO) by reading the value of the EGO sensor During 3
calibratible warm up period the oxygen sensor corvection shall be dif:

112 High Oxygen Level

If the FGO sensc

sent in the exhiy

Dii i onac the Sk saie s ool sy amintace the

R

SelfLocation

MotorEncoderCou

int

BatteryData

System of Systems

Full system (SoS) is field
tested

4\ MathWorks
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How can MathWorks address the gap?

4\ MathWorks

30



4\ MathWorks

| System Architecting & Technical Analysis

System of Systems

SoS
Verification

SoS

Validation .
I EWATES

System Composer

« Import/construct architecture models

« Define architecture properties w/ profiles
& stereotypes

* Analyze architectures

« Direct connection between architecture
models & designh models

31



| Requirements Management

Validation

System of Systems

SoS

I EWATES

Simulink Requirements

* Author/Import textual requirements

» Bi-directional traceability to architecture
models, design models, & test cases

SoS
Verification

&\ MathWorks
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] . . . ] &\ MathWorks
Verification & Validation

System of Systems

SoS
Verification

SoS

Validation .
I EWATES

) MATLAB, Simulink, Stateflow, Simscape
* Design multi-domain systems
— ———{. Early Verification by simulation, static
analysis, & formal methods

33



Now let’s see it in action

4\ MathWorks
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lot Environment

ipment
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(8 Requirements Editor - X

File Edit Display Analysis Report Help
BoezEE & wlia e

~Properties ki
View: Requirements - . Type:  |Functional -
Index Summary Index: 1.4.2
B UAS_reqs* Custom ID: #35
vel Aircraft Capbilities .
Summary: |Propulsion Power
E1.1 Airworthiness ry o E
>@ 1,2 Communications De]SCI'IptIOH Ratlonflle ]
N [y [Arial via v/B 727 U m EEIANR- - E
é 1.3 Payload Qapabllltles Gas Engine: Nine-cylinder, air-cooled, radial aircraft engine &
vEl4 Construction ~ |Fuel type: 80/87 grade aviation gasoline
€141 Modularity 5 E;Yw‘gre‘gl:‘t; uzt?o kg
1.42  Propulsion Power 400 hp (298 kW) at 2,200 RPM up to 5,000 ft (1,500 m);
>E V.5 Flying Qualities 450 hp (336 kW) at 2,300 RPM for takeoff . _)
E2 Ground Station Capabilities Keywords:
- BLOS Capauiiibes » Revision information:
~Links
No links
. ,| * Comments v
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P4 UAS_ref_arch * - Simulink - X
File Edit View Display Architecture Simulation Analysis Code Tools Help

B-o-@eo o BB 940 P = -
UAS_ref arch
olmum.mf_mb M

— —

' Model Browser

OE Al =uge

uaBVLOSuplink

£
2
L

A @ E

105%



P4 UAS_ref_arch * - Simulink - e
File Edit View Display Architecture Simulation Analysis Code Tools Help

B-o-@ < - G- E- @@ » N0 | Noma D

5 UAS_ref_arch Interfaces - X g
P e Dusmor - ]
g @ £ Source: UAS_ref_arch.slx
Q i 4 Telemetry -
Altitude
= BVLOS Navig: cmmnkied
: Ground
™ £ £ 4 uaBVLOSdownlin Heading
2 3 b uaBVLOSuplink Latitude
- % % S Longitude
- v A =
Vehicle §
g 3
m . < uvalOSdownlink “>;,
£ _ & Property Inspector $ X
D § % < P uslLOSuplink . e
] B Interface : Telemetry | Element : Altitude
E 3 —
v A AL U
Ground Station Type double
Dimensions 1
gsBVLOSgownlink < Units feet
Complexity real
gsBVLOSupiink b Minimum 0
Maximum 30000
Description Altitude of plane
& o
« | >

105% VariableStepAuto




Model Browser

'h'i a5 reference_architecture - Simulink

File Edit View Display Architecture Simulation Analysis Code Tools Help

- - =] = . I o, . [
B-o-8 HE-B-RegOP » [ Nomai @ ~ -
UAS_reference_architecture
@ Ij UAS_reference_architecture b v
2 2 A
@, ; C v A
3 3 :
v ~a . @
(= Vehicle L & -
= o
H <] ualOSdownlir
['C"'] B ualOSuplink
2
Y How to run the DeHavilland model w
| Sn 1 Qoo tha barmenara Alrebeat | lear's Eiida for inebn wetinne 1]
£ >
Requirements - UAS_reference_architecture } X
View: Requirements = % 1 H @ v & !
fa
& 142 Propulsion Power IE— | ]
W

Ready

100%

I
&
et

Property Inspector Y
i}

Requirement Set %ﬁ
[}

Deetails

¥ Properties

Filepath: Y\fs-56-ahwmgr$ihome06\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

< >

VariableStepAuto



Model Browser

’i UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink _— X
File Edit View Display Architecture Simulation Analysis Code Tools Help
el ] — 3 o - )
E-o-Beo 2880 EB-@d@®P = AN~ 1 Noma @ Rl R
Electrical Subsystem Property Inspector X z
® [Juas_reference_architecture B [ Vehicle b [*]Electrical Subsystem b 1o ot g
[ = ~ :
L Architecture  Info
'41 v Main ;
| Name Propulsion Power ...
£. Propulsion <% |
| ’ropulsion Power Subsystem s = .
< Engine_Power_Nm_s > |
D ‘ > SubsystemBud... Select >
propulsionSupply P
- apControlsip— P> apControls
\ *@nginePower B —4enginePower
actuatorsSupply P EnvBuslp— P> EnvBus
(A
O
m ‘l‘ vahirieSinniv D> nm v
oo L€ >
Requirements - UAS_reference_architecture y X
v s T Il e 1 ] P { = s W i | o %
View: Requirements ~! | (53 | LI @| | (% [ REILIY @€ Search |
Index Summary Implemented A |
> B 12 Communications
> B 13 Payload Capabilities
v il 14 Construction
B 141 Modularity
& 142 Propuision Power r ]
> @ 15 Flying Qualities < >
125% VariableStepAuto



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

E-o-§es 2 80-B-94OP = [ & Normal | @

+ | Electrical Subsystem
g ® [Juas_reference_architecture b [*]Vehicie b [ EBlectrical Subsystem » v
il = —=
| Q #35: Propulsion Power 5
= _~7 IMPLEMENTS
i > ]
e Propulsion Power Subsystem "
< Engine_Power_Nm_s >
propulsionSupply P>
= apControlsi—{ > apControls
enginePower > | —4{enginePower
actuatorsSupply P EnvBusip— > EnvBus
LA
O
i
m vehiriaSiunniv D> nmv
=S >
Requirements - UAS_reference_architecture X
View: [Requieements ~| 3| V@] (9 & B & &L @ O € [Search i
Index Summary 71[: plemented A
5 s e S —)
e A capites s
v — ————
® 111 e =
@ 112 winConions  e———
Ready 125%

>

VariableStepAuto



'h'i UAS reference_architecture/Vehicle/Electrical Subsystern * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help

Z-O-BeE 2 RG-BE-e9dOP 1 |4- .

Electrical Subsystem

LR

ML T Bl

3
E = DUA.S reference_architecture B D"u‘eﬂicle 2 DElectricaISUbs'fstem 3 -
7]
E .n.
 @a #35: Propulsion Power
E3 < e
. a<>
(= Propulsion Power Subsystem =™"a
= Engine_Power_Nm_s >
|-| propulsionSupply [
m apControls— I apCaontrols
['C'r'] enginePower > —4enginePower
Al actuatorsSupply B EnvBusl— > EnvBus
(B
— | &
L viahirlaSnmmhe = ] b
- L4 >
Requirements - UAS_reference_architecture P X
View: Reguirements - b (R ﬂ Lo “ &
Fal
v % UAS_regs
v s 1 Aircraft Capbilities
v E 1.1 Airworthiness
. 1.1.1 Range
e 1.1.2 Rain Conditions
s 1.1.3 Power

Ready

125%

I
&
x

Property Inspector P X g
Requirement Set %

Deetails °
* Properties

Filepath; \\fs-S6-ah\wmgr$ihome0\rbold
Revisian: 24

Created by: milizarra

Created on: 07-Dec-2018 15:50:34

Modified by: rboldt

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

P Custom Attribute Registries

< >

VariableStepAuto



’i Engine_Power_Nm_s - Simulink

= X

File Edit View Display Diagram Simulation Analysis Code Tools Help

®-o-8 <

EnghePoweers

OE®E 4 B8

RS- EH-@UA@®D = [N 00 ] Noma | @D~ -

3
® 7 Engine_Power_Nm_s : 3
326.5
.% <apPropulsion> (U[2]+7.4)*(u[1]+2010) 0.00412 s 07355 > @
apcommls enginePower
<apPropulsion>
uprop and rho P (408.0-0.0965"u[1])*(1.0-u[3)/1.225)

v @B

EnvBus

Pratt and Whitney Wasp Jr. Engine R-985
Nine-cylinder, air-cooled, radial aircraft engine
Fuel type: 80/87 grade aviation gasoline
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

137% VariableStepAuto



PL UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink = X
File Edit View Display Architecture Simulation Analysis Code Tools Help
E-uvu|¢c>if%0-v|-¢¢®l> = A~ & | [Nomal e R
g Electrical Subsystem Property Inspector ’ % §-
g 2[@msmmbﬂvam)ﬂmsmmb Y a
ﬁ @ Architecture  Info &

<

= :

u_E =

= . Mass ’

@ P> Power

troisfh—

apControisp— > apControls *

<2 enginePower D> - {enginePower

My B EnvBusfP— D> EnvBus

(B

O

oy b
=

]

- -l
Ready 125% VariableStepAuto




e - Simulink

’i UAS _reference_architecture/Vehic

File Edit View Display Architecture Simulation Analysis Code Tools Help

4\ MathWorks

v v g = - v | Eg ] % L] v |60 Normal ¥ v v
5 Vehicle
ﬂ% ® |[Fuas_reference_architecture b [=]Vehicle
- N— L] ok L |
3 ' §
=
&
i waEm —Cetan e sugsiue —

i .

R,
ot

=

s #0% {Lga.sn) 1)y
b ahal mau ot heast Laval
crtaria Yo tha MILF 37850
e,

i vz

O B

|

Corbpawn D3—
1

A e =

criria tom B MIL.
ndard

— st Lavi ¢
-5785C 4lan

[ -

oo Darbgarns t—!

L[

wrne o !

Mo (Jalord-doactons)
0 G iBis shal maet Laval 1
i%eria from e ML-F-8785C
andird

al modu (usiraldrecsonay
g quiiii shal seet Level 1
iterta from it MEL-F-8785C
tadird.

L

——& Faae.

]
S20RUA]

N v

Running

50% 7=15600 M 26%

auto(ode23t)
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’i UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help

@vbvaé 5 Qggovv

@YD = o] Noma

g Electrical Subsystem Property Inspector X g
gl e [ uas_reference_architecture » [*]Vehicle b [*]Electrical Subsystem b Y N oamenn: 36 5
8 e Al Details
: @ .
_ [#35: Propulsion Power b e
IMPLEMENTS -~ 5]
= Index: 142
Custom ID: [#35 ]
- Summary: |Propulsion Power |
ly > Description  Rationale
apControlsf—{ > apCantrols (g B 7 U A EEJAE-
) The original gas engine of the aircraft shall be replaced
enginePower D - 4enginePower by an equivalent output electrical motor, able to supply
at least 350 kW of mechanical power at 2,300 RPM.
iy > EnvBuslp— P> EnvBus z
l
0] |
- 'h nm v
- < AR
Requirements - UAS_reference_architecture § X | Keywords:
vew: [Reuremens ~| |3 O @ 3 & B & &1 @ [ € Search i
Index Summary Implemented A ¥ Links
viE 14 Constructon G | = < implemented by:
& 141 oy qbuu
i . o arovec! I ST
@15 Py Qi — At ssve e sl Gt Lk v
@2 Ground Station Capabiltes | ’
_— e s ————  ____________________]
< >
Ready 125% VariableStepAuto



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

Model Browser

B-o-@ e BO-E-9gOP = [F-E | bow | @~ -
Electrical Subsystem
@ | UAs_reference_architecture » [ Vehicle » [ Electrical Subsystem » -
@ Spotlight €
actuatorDaflectors
apPower
commPower
piPower
> vaFightState  Emus » s
uaPowerManitoring
waPropuisionConfiguration
uaSurfacesCanfiguration
i uaVehicleLights
» apActuators s J -\w\d"owb
(%amewum
«

Joyedsul Apedold  s_0epU]

VariableStepAuto



P4 UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink = X
File Edit View Display Architecture Simulation Analysis Code Tools Help

B-o-l e ¢ BO-E- 94O P @ B & wm .

& | Electrical Subsystem ' g
§ @© | uas_reference_architecture » [*|Vehicle » [ Electrical Subsystem » v g‘
—C vom
uaAirframeSensors )
- FitParams
> enginePower b
orDefledt vaFlightState
waCooling
uaPropulsionConfiguration
uaSurfacesConfiguration
uaVehiceL ights {’“_'7}
«

el s Qnos Vet ebhla®tons A o ob o



L UAS reference architecture_electric/Vehicle/Electrical Subsystem * - Simulink = *
File Edit View Display Architecture Simulation Analysis Code Tools Help
B-o-Ber 2 BEOB-9EOP = [[-m | tom 0 @
& | Electrical Subsystem g
E E|EJ » [™venicie b [ Electrical Subsystem » v E
g H enginePawer | - '
=
-
=2 =
. mmmmé‘;
O
actuatorsSupply B
vehicleSupply b —————
7
.
b [




File Edit WView Display Architecture Simulation Analysis Code Tools Help

B-o-E@ e ¢ 0B egOP @ H-b ] 5| @& -

Electrical Subsystem Property Inspector P x
g ® |[FJuas_reference_architecture_electric b [~ |Vehicle b [~ ] Electrical Subsystem b v Il ot g
E — A1l Architecture | Info
£ | & NAME VALUE

E3 v Main

[=l: Name Propulsion Power S...

_ Stereotype Add.. &

D - *i * SubsystemBudget Select hd

Propulsion Power Subsystem (Electric) Mass 100 kg

< ElectricMotor_Power_Nm_s > ‘Power 1|F]mm mw

enginePoy

= 1

apCanlmls.—{I} apControls

[25]

= enginePower [» enginePower

.y

EnvBusp— b EnvBus
[
. actuatorDeflect
= Actuator Power Subsystem %4
l-Fi & < Actuators > uaPropulsionConfigu
- | -
L >

Ready 125% VariableStepAuto



’i UAS_reference_architecture_electric/Vehicle/Electrical Subsystem - Simulink

File Edit View Display Architecture Simulation Analysis Code Tools

-

:":,w
Electrical Subsysbem
2 ® UAS_refaenoe_archibedI
§a
E3
™
= apt
(=]
]
(@
]
& |

Help

Description

<.:L:>~Q_

Create an instance model from this architecture model by flattening out all referenced models and their components. Such an
instance model may be used for system-level analysis expressed as MATLAB functions.

Step 1: Select Stereotypes

Select the stereotypes to make available on
the instance model

v [“] UAVComponent
[ SubsystemBudget

Don't see your profile? |Profile Editor ...

Step 2: Configure Analysis
Function
Analysis function:

|budgetRol1Up | |E| |+| |®|

Function arguments (comma-separated):

>> budgetRollUp(instance)

Model Iteration

Mode: | Bottom-up

Instance model name

|UAS_r‘efer‘ence_architecture_electric_budgetRollup

&S cancel

P{\instantiate

— X

uaPropulsionConfigul

v
>

Inspector $ X|| =
3 |
cture Info

VALUE

» Propulsion Power S...

Add.. >
Budget ‘Select Y

100 kg

175000000 mW

[, S S

493 Cco

[ § v B8 B SR Faiany e e



[E Instances
4 [JJ) UAS _reference_architecture_electric_budgetRollup
o BVLOS Navigation
4 £ Ground Station
4 3 Communication Box
o Ground Station GPS interface
o USB Serial Converter
o Wireless Communication Subsystem
o GPS receiver
4 [ Guidance and Navigation Computer
o Flight Commands
o Payload Computer
B3 Vehicle
4 [ Communications Subsystem
o Automatic Dependent Surveillance-Broadcast
@ C-Band Radio Modem
o KU-Band Radio TX/RX
o On-Board GPS
@ Radio RX PPM/PWM
«B Electrical Subsystem
o Actuator Power Subsystem
o Power Distribution
o Power Monitor
o Power Source
o Vehicle Power Subsystem " '
o apRegulator
o commRegulator
o plRegulator
o Environment

39233

OO O 00 00 o0 0 oo

39233

263
0.05
0.05

25
0.01
0.02

143.15

10

20
100

0.05
0.05
0.05

Power

200614300

OO OO0 0 OO0 oo oo

200614300
58050
5000

2000
50000

50

1000
200355090
300000
1000

0

1000
50000

20

1070

2000

0

b2

-~

5

INSTANCE PROPERTIES

Nodelnstance: Propulsion Power Subsystem (Electric)

Property Units Value Edit

4 5] SubsystemBudget
(] Mass kg 100
FH Power mW 200,000,000

4



gy

le E View
¥ v v % 0 Normal v || File Tools View Simulation Help
: @- QL@ - Q- |C-|FH
= Vehicle | | =
3 2 3
g ® UAS_reference_architecture_electric > DVehicle » v >
(=]
g m
g =1l | &
=
Paylosd or Cargo : A<  Electical Subsystem [ Vehicle Al
[Ei7. Camyng Capasiy
reraft shall be able to carry up to
300 kg of paylosd
Aircraft shall provide a payload prSTower
volume wih at lsast 8 mA2 rraft shall provide electrical
= power io operate ol coboand
TR — ystems for the camplete duration
18: Defauk Payioad bof the “'3"
B un s i one
- u|
— i ulin
a2
]
» o
Running Sample based Offset=0 T=0.000
@ [ Eriral mode (aterat-direchanai)
= o lyirg qualities shall mest Level 1
& = ‘it feriteria from the MILF-8785C v
K |¢ >
Running 60% T=0.000 0% auto(ode23t)
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System Composer
Intuitively design system and software architectures

| Description
[ i ) o ==

Architecture

R2019a

4\ MathWorks
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Simulink Requirements

4\ MathWorks

Digital Thread from Requirements to Architecture and Design

Author requirements or
view from external source

Summary: |Range [

Descrlptlon Rationale

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

|dentify gaps in
architecture or design
Implemented Verified
Gl O
- .1

Implemented: 16, Justified: 0, Mone: 2, Total: 18

Link requirements, architectures,
design, code and test

[#35: Propulsion Power L |

Propulsion Power Subsystem a<"a
S

ldentify impact of requirement changes

L} counter

Issue: Destination Changed. h

= ¢ Implemented by: I
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R2019a

System Composer
Tackle Architecture complexity with spotlight views

Composition

‘ Flight Support Components |

* ’ [#25: Flight Computer 5
N 7 vy &
i i i §
! g g 4
g LS 3 &
= <
@
@
o} I} Payload
] i —_—
8 - &
& g ] J S .
ol e < {b> operat™ T === Data Link I} —4iData Link

7 v

7Fllgm¢nmp|lhr e L’

GS Commands[—(p GS Commands

Payload Cmds ) Airframe

‘gnirol Surface Cmds B)——————— b ctiSroDef =™
e 7
. >

lightCmds ) b> lightCmds

Propulsion
=

= 7 Ty {qdT

Status B} (b Enginat i

| ‘Aﬁ% Fuellev™

s = Cusllevel b}
(b Pwrstatus

. PwrStatus b}

—_——

TelemeryB-+-{4

2 z
£ &l
v (7,
SuperviseryComputer

(b FuelData ©

e = T T —

Spotlight

FlightComputer

=

FlightComputer/Main Board =] %

(1> AirData

P —=
AirData

B -
EngineStatus

% EngineStatus

=4
FuelLevel

FuelLevel

J

[
GPSData

GPSData

»>
GS Commands

j>
» GS Commands

)

PwrStatus

[
PwrStatus

¢

ADSBData ;E —

Control Surface Cmds

Airframe L’

{» ciriSrficDeflection

Control Surface Cmds

p lightCmds

Light Cmds "I‘< lightCmds
Payload Cmds p Payload Cmds

RFSignal E
Telemetry T: Telemetry

dT

l/

dT

U P
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System Composer
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R2019a

System and software architectures connected to implementations in Simulink

Generate Simulink models from
architecture components

mainPowerBus & e propulsionSupply
>eplSupply ADD erMeasurements
IMPLEMENTATION
>ecommSupply H ERE latorsSupply
>@apSupply »evehicleSupply

Autogenerated by System Composer on March 25, 2019 2:00 pm EST

Link Simulink models to
architecture components

piSupply

apSuply

propuisonSupply

vercoSupoy
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System Composer R2019a

Perform trade studies based on data driven analysis to optimize architectures

Add custom data Create analysis model Calculate mass roll-up data
SmallUAYV SmallUAV
Instances Mass(kg) F Instances Mass(kg) F
. -/ A| " Architecture | Info 4 [ SmallUAV 0 + J@ SmallUAV 15.932
Power Unit = NAME JALUE 4 9 Airframe 0 4 3 Airframe 9.25
v Main o Fuselage 1.7 o Fuselage 1.7
Name Power Unit o LandingGear 1.65 o LandingGear 1.65
12V ) Stereotype Add. o Tail and Boom 27 o Tail and Boom 27
> 28V v OnboardElement Select o Wings 3.2 o Wings 3.2
24y ) Mass 0.217 kg 4 [ Flight Support Components 0 « 3 Flight Support Components 0.629
Power 0 mwW 4 F3 ADSB Module 0 4« (3 ADSB Module 0.156
RFHarnessLength 0 cm o ABDSB Antenna 0.058 o ABDSB Antenna 0.058
6V D) @ ADSB Board 0.098 o ADSB Board 0.098
__ ' 4 P9 GPS Modul 0 4 £ GPS Module 0.398
"\ 26V Baftery * \ o GPSg 0.128 o GPS Antenna 0.128
Pwr Unit Status D-'_'_Z—.F’wrStatus o G S 0.27 o GPS Board 027
o Pitot Tube 0.075 o Pitot Tube Module 0.075
o = 4 P FlightComputer 0 4 P FlightComputer 0.388
o Main Board 0.145 o Main Board 0.145
M Pratantiva Caca n 108 o Protective Case 0.195

58



Simulink: A Multi-Language Simulation Environment

State Machines

4\ MathWorks

Physical Modeling

Programming Languages

k = 20;
max = 40;
-] for k=1:max;
XFFT = fft
‘ xfft = abs
[t mag = 20%1q
. I magl = mag
' ﬂﬂ - end

da'
xXF|
gl
1:]
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Learn More

Simulink Requirement Webpage
System Composer Webpage
System Modeling and Simulation Webpage

Trial
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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
https://www.mathworks.com/campaigns/products/trials.html?prodcode=ZC
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Contact Us

Monday - Friday

508-647-7000 Customer Support ...... 08:30-17:30 ET

Technical Support ...... 08:30-20:00 ET

* x
%y
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