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What does the typical process involve?

Later in the Process
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Early in the Process
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1.1.Normal Mode of Operation
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Dunng the normal mode of operation, the Fault Tolerant Fuel Control Systes B by I
shall determme the fuel rate which 1s njected at the valves r B |

111 Stoichiometric mixture ratio
During normal model ol'opﬂahm]mt System shall mantain the I
stoichiometnic mixture target ratio of 146 —ar

112 Oxygen Sensor (EGO)
The System shall determine the amount of residual oxygen present in @
exhaust gas (EGO) by reading the value of the EGO sensor. Duning a P T |
calibratible warm up peniod the oxygen sensor correction shall be disat — ‘ =
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What is the Gap?

Later in the Process

Models

Early in the Process

Concepts/Descriptions
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R0t —J 1.1.Normal Mode of Operation

P e |
Duning the normal mode of operation, the Fault Tolerant Fuel Control Systeg B by |
shall determme the fuel rate which 1s mjected at the valves v < L
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LL1 Stoichiometric mixture ratio
During normal model of operationthe System shall mantan the
stoichiometnic mixture target ratio of 146

112 Oxygen Sensor (EGO)
The System shall determine the amount of residual oxygen present in @
exhaust gas (EGO) by reading the value of the EGO sensor. Duning a P T |
calibratible warm up peniod the oxygen sensor correction shall be disal — ‘ =

113 High Oxygen Level
If the EGO sensor determines 2 high oxygen level present in the exhay
gas, the Svstem shall increase the fuel rate 1 order to mamtam the
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Key Takeaways

- Digital thread providing traceability between requirements, architecture, and

design
/ Derives X
REQ 3.1 ENABLING CRUISE CONTROL ENABLE SWITCH DETECTION
Cruise control is enabled when If the Enable switch is pressed
e Implemented Implemented
By By
''''' — — R e I reqMode.Cruise E‘}
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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-
domain environment

Dynamic Systems State Machines Dlscrete Event Physical Modeling
MATLAB EXPO 2019
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What goes into the bridge?

Be Intuitive Facilitate Analysis Tackle Complexity Enable Implementation
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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.

MATL 1.1.2. Oxvgen Sensor (EGO)
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MathWorks Solution: System Composer R2019¢
vE

‘/Be Intuitive Facilitate Analysis Tackle Complexity "Enable Implementation

e .
e b=l e e @ Wi
uuuuuuuuuuuuuu ) =T )3 Woutpt
v i - ®
Simulink
¢ Requirements Coverage Reporting and Impact Analysis
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Now let’s see it in action

MATLAB EXPO 2019



De Havilland DHC-2 "Beaver"

Update the De Havilland "Beaver" airplane to have full electrification
of the propulsion system and make it an optionally piloted aircraft

MATLAB EXPO 2019
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Requirements imported from Word and captured in Simulink Requirements

@' O QO
T Henquirerrents Editor bl = R
File Edit Display Analysis Report Help
Elﬁ'[.'-l.'::. L iﬂ_ﬂ I Y =T | - Properties a
View: Requirements * = ~ Type:  Functional -
Index Summary Index: 142
¥SUAS_regs* Custom ID: |#35
8] Aircraft Capbilities T e
811 Rrvorthiees 5un1m:|r',r.. |Pmpi{ls|un Power
cw 1,2 Communications D"T‘-““""“““ Rahun?ie ssimEmEE -
» . A - i EeSsErS
i_ 1.3 Paylﬂad (ZIapablhhes Gas Engine: Nine-cylinder, air-cooled, radial aircraft engine 4
o s 1.4 Construction Fuel type: B0/BT grade aviation gasoline 3
141 Modularity gmi?ﬂ kg
1.4.2  Propulsion Power 400 hp (298 kW) at 2,200 RPM up to 5,000 ft (1,500 m);
*& 2.5 Flying Qualities 450 ho (336 kW) at 2.300 RPM for takeoff ¥
w2 Ground Station Capabilities Keywords: |
"3 BLOS Capabilities * Revision information:
*Links
No links
<8 . . * Comments -
O O Q
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%% UAS.ref_arch = - Simulink
flle Edit View Display Architecture Simulation Analysis Code Tools Help

E'U'!i¢¢' an,...i.“@p&. 7 CR T B 0.‘&.
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Create components for a ground station and beyond-visual-line-of-sight

MATLAB EXPO 2019 navigation in addition to the vehicle
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Interfaces

Q O 0
ii UAS ref_arch * - Simulink = a o
File Edit View Display Architecture Simulation Analysis Code Tools Help
FH-o-@ o SHe-E-e g 2 e ] om c @D
l-lﬁi..!'!_lﬂ:h - Intesfaces -
{1 e " ;
ia ~ | source: UAS_ref arch.six
E]  Telemetry )
o Altitude
O Heading
] Latituds
Longitude
=2
0 @ |9
‘ Property Inspector x|
O Interface ; Telemetry | Eement : Alude
e e
Dimensions. 1
Unas: Fest.
Complexity resl
Minimum 1]
M 0000
Description Amtude of plane
-
n!i
« | e = > _
(Apeay 0% VarisbieStepAuto |

MATLAB EXPO 2019 Add details by defining interfaces
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'bi UAS_reference_architecture - Simulink

UAS_reference_architecture
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File Edit View Display Architecture Simulation Analysis Code Tools
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Requirements - UAS_reference_architecture

View: Requirements - % (1 B

&)

Communications
Payload Capabilities
Construction
Modularity
Propulsion Power
* Flying Qualities
Ground Station Capabiiities

BLOS Capabliities

EE——

Ready

MATLAB EXPO 2018

100%

Property Inspector
Requirement Set
Details

¥ Properties

sanepau]

Filepath: \\fs-56-ah\vmgr$\homel6\rbold

Rewision: 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

Every requirement except Propulsion Power has been implemented

4\ MathWorks'
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Filg Edit View Display Anchitecture Simulation Analysis Code Took Help
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§ | Ehectrical Subsymtem Property Inspector » z
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MATLAB EXPO 2019

Drilling down in our component hierarchy we can find the Propulsion
Power Subsystem Component
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qiUAS_rzf:rtnce_a-rl:hrtr.-cture.l“u’ehlclw"Electn-:al Subsystern * - Simulink O =3 a X T
Fide Edit View [hsplay Architecture Simulation Analysis Code Tools Help
B-ro-Be 2 BO-B-9YgOP = H-w | o | D
& | Electrical Subsystem Property Inspector P =
E & [Cluss_reference_architecture b [ Vihice: b [™] Blecirical Subsystem b i | [P %
g ﬂ ’#3_5;"_'"15“;.“_ — ~ . Archuteomre Info
= ] MPLEMEN i piatia
= | =yl Mame Bectrical Subsystem
k Stevectype Add.. ¥
=
@ propulsionSupply B
m apControlsi - b apConirols
E anginePower = - @enginePower
Q & achuatorsSuppty B EnvBusi— b EnvBus . : 5 O
(i
|
|. ‘I‘ wakirin S mniu B
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=
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We associate this component to the requirement on Propulsion Power
MATLAB EXPO 2019 to specify how this requirement is implemented
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We now have implemented every requirement
MATLAB EXPO 2019

¥4 UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink
File Edit View Display Architecture Simulation Analysis Code Tools Help
i = = - A 1 _ ® 4 = o
EH-O-Be O -E-w9dob r - Normal @ ~ @~
E Electrical Subsystem
§ =] GUAS_rEference architecture b D\-'ehicle » DEIectrica! Subsystem # .
&
% ~
= @ #35. Propulsion Power
[+ = WALE
- 5<%
o Propulsion Power Subsystem B4
< Engine_Power Nm_s >
l—_] propulsionSupply b
m apControlsfp— > apConirpls
[ enginePower > - denginePower
& actuatorsSupply > EnvBusl— > EnvBus
=]
J
— | &h
(] wahirlaSnni > nm v
-l >
Requirements - UAS_reference_architecture L
View: Requirements = (%, 1 B L &g
A
v %5 UAS regs
Vel Aircraft Caphilities
Ve 11 Airworthiness
11 Range
- 112 Rain Conditions
o 113 Power
Ready 125%
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Property Inspector LI %'

3
Requirement Set §
Deetails
¥ Properties
Filepath; \\fs-56-ah\wmgr$ \homed&\rbold
Revision: 24

Created by: miizarra

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

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

} Custom Attribute Registries

< >

VariableStepAuto

17



Simulink badge

Fils Ede Yew Duplay Amhitecture Senulption Analyi Cods Tooli Help

-

4\ MathWorks

The Simulink badge tells us that this component is linked to

MATLAB EXPO 2013

the Engine Power Simulink model

Bro-Be ¢itd-E-wqdolr = - w et @~ -
i Eletrical St Froperty Inspector " i
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= Engine Power Km s> o - .
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Actuator Power Subsystem L > "
<Actators > Enven !
-
Pratt and Whitney Wasp Jr. Engine R-885
L] Nine-cylinder, air-cooled, radial aircraft angine
i Fuel type: BO/87 grade aviation gasoing
&« Dy weght 20015
Reaily 125% mm(zukmmmnmupmsoouwmm
450 hp (336 KW) 8t 2,300 RPM for takeoff
Power-to-weight ratio: 0.625 hpib (1.03 kWikg)
= hitps:fen wikipedia.orgiwikifPratt_%26_Whiiney_R-985_Wasp_Junior
/]
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p‘i UAS reference_architecture/Vehicle/Electrical Subsystemn = - Smulink.

=3 [n] Xﬂ

Fle Edit View Display Architecturs Simuation Anshsis Coda Took kelp
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; Stereotype Add... -
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m spControlsi | b apControls k
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o
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]
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MATLAB EXPO 2013

User-defined properties and their values can be accessed by
MATLAB to run various types of analysis

4\ MathWorks
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MATLAB EXPO

Morer Browser
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Simulation is OK, move on to the electrification upgrade

2019

4\ MathWorks

20



lo

! el
O"ﬁ UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink = a X
File Edit VWiew Display Aschitecture Simulation Analysis Code Tools Help
E-m-F e ¢ O-B-9gOP » - | fom @ - -
Blectrical Subsystem Property Inspector P x|i=
g @ [[]uas_reference_archtecture b [ Vehicie b [ Bectrical Subsystem # ": Requirement: #35 g
g @ — ~| Detals
] nnPtmar - | = Properties
B IMPLEMENTS Type: Funciional -
@ T : ﬂ EI Indies: 142
Iwmm - " | custom 10: [435 |
= Summary: [Proguison Power —
Bwe Description | Rationale
m apControlsfe— b apConirola ﬁ.lwlem V|l fF I EEERE-
= The original gas engine of the aircraft shall be replaced
snginePower b - @enginePower by an equivalent outpu! electrical molor, able to supply
4 smm at least 350 kW of mechanical power at 2,300 RPM. C
B by b EnvBusl - b+ EnvBus i
. |
0)_l
-k . v
- L€ _?f
Requirements - UAS_reference_architecture § x| Kerwords: -
vev R < B OB B EE 4 @€ Er— L
Index 5 Imiplermiented : ¥ Links
viB 14 Construction I | -
i Lo " (E—
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4\ MathWorks

We now change the Propulsion Power requirement to specify that the power

must come from an electric motor
MATLAB EXPO 2019
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Spotlight view

G"i UAS,_reference_architecture/Vehicle/Electrical Subsystem * - Simulink o -8 x7
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The spotlight view shows what other components may be directly

impacted by the change
MATLAB EXPO 2019
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;"i UAS_reference_architecture/Vehicle/Electrical Subsystem * - Simulink = jal X
File Edt View Display Architecture Simulation Analysis Code Tools Help
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The effect this may have on other components can be followed further
MATLAB EXPO 2019 downstream by creating a spotlight of the Propeller and Propulsion component
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We replace the current Propulsion Power component with a new one
with an electric motor Simulink model linked to it

MATLAB EXPO 2013
24



File Edit View Display Architecture Simulation Analysis Code Took Help
I s ] = | 8 J | dbb
E};'D'E|..—- ﬂ'|.ﬁﬂ'gvilﬁ ﬂ@ﬂﬁ n - (e | [ Marma - @'f -
M Elechiua!ﬁmshm - - . ) _l Propesty Inspector " x 5
E @ | uAS reference_architecture_etectric b [ Vehicie b [ Electrical Subsystem » || compone a
‘g’ E Al Architecture | Tnfo
b Ly 8
NAME |
[ v Main |
T Hame Propulsion Power 5... |
_. Shereatyp Add.. b
D e : - — = """:'i v SubsystemBudget Select -
Prop ision P ’ " syst IE' tric) == — 100kg
< ElectricMotor_Power_Nm_s > o ﬁ@[m v
EWII‘IEPD’\;‘E
o apControlsfiy—{ b apControls
& .
enginePower b | —dfenginePower
et
EmvBusi— I+ EnvBus
@
actuatorDefiect
- =
uaPraputsionConfigu
e I
€ e >
Gneady -~ 125% VanableStepAuto L

MATLAB EXPO 2019
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To see how this change impacts the total mass and power of the plane, we first add
the value of mass and power to the new component by applying a stereotype to the

component, and set the values of mass and power properties.
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ﬁ Instances

Power 3% | INSTANCE PROPERTIES
4 [Jfj UAS_reference_architecture_electric_budgetRollup 39233 175614300 ~
g BVLOS Navigation 0 0
4 3 Ground Station 0 0
+ £ Communication Box 0 0
o Ground Station GPS interface 0 0
o USB Serial Converter 0 o
& Wireless Communication Subsystam 0 0
o GPS racaiver 0 0
+ £ Guidance and Navigation Computer 0 0
o Flight Commands 0 0
Q o Payload Computar 0 0 (@]
4+ [ Vehicle 392.33 175614300
+ £ Communications Subsystem 263 58050
o Automatic Dependent Surveillance-Broadcast 0.05 5000
o C-Band Radio Modem 0.05 2000
o KU-Band Radio TX/RX 25 50000
= On-Board GPS 0.01 50
o Radio RX PPM/PWM 0.02 1000
+ [ Electrical Subsystem 143.15 175355090
@ Actuator Power Subsystem 8 300000
B Power Distribution 10 1000
o Power Monitor 0 0
o Power Source 20 1000
B Propulsion Power Subsystem (Electric) 100 175000000
@ Vehicle Power Subsystem 5 50000
o apRegulator 0.05 20
o commRegulator 0.05 1070
o plRegulator 0.05 2000
@ Environment i ops »
O O O

Using the Analysis model, we can create an analysis matrix that can be
used to perform trade studies. These trade studies will be used to guide

MATLAB EXPO 2019 us in optimizing the architecture.

4\ MathWorks
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Mass Power x INSTANCE PRCOPERTIES o
« [ UAS _reference_architecture_electric_budgetRallup 39233 200614300 ~
o BVLOS Navigation 0 0 Nodeinstance; Propulsion Power Subsystem (Eleciric)
4 £ Ground Station 0 0 Property Units  Value Edit
4+ [ Communication Bax 0 0 « [l SubsystemBudget
@ Ground Station GPS interface 0 0
@ USB Serial Converter 0 0 i Mase kg 100 3
@ Wireless Communication Subsystem 0 0 £ Power mW 200.000.000 (3
o GPS receiver 0 0
4 [ Guidance and Navigation Computer a 0
o Flight Commands 0 0
O @ Payload Computer (] 0 o]
+ [ Vehicle 392.33
« 5 Communications Subsystem 263
@ Automatic Dependent Surveillance-Broadcast 0.05
@ C-Band Radio Modem 0.05
o KU-Band Radio TX/RX 25|
@ On-Board GPS 0.01
@ Radio RX PPM/PWM 0.02
+ B Electrical Subsystem 143.15
© Actuator Power Subsystem 8
o Power Distribution 10
o Power Monitor 0
20
100,
5
@ apRegulator 0.05
o commRegulator 0.05|
o piRegulator 0.05
o o Environment o 0 "O

4\ MathWorks:

We can change the values of properties to run what-if calculations to do

MATLAB EXPO 2013

trade-offs of the system
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Wehicle
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MATLAB EXPO 2019

4\ MathWorks'

As a next step, running a simulation would allow us to size the battery that

will act as the power source for the new electric motor
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Simulink Requirements
Digital Thread from Requirements to Architecture and Design

Author requirements or

_ Link requirements, architectures,
view from external source

design, code and test

Summary: \Range

!335 Propulsion Power “!
Description = Rationale e
- Propulsion Power Subsystem &%
The aircraft shall be controllable for all <Engios_ Fowsr N s>

distances within line-of-sight

\
|dentify gaps in dentify i ¢ . H
architecture or design entity impact of requirement changes
Implemented Verified = 'II""“F"“"’“"‘“" by:
G 0 ) - counter
; ) | Issue: Destination Changed.
L_ Implemented: 16, Justified: O, None: 2, Total: 18 S

MATLAB EXPO 2019

29



4\ MathWorks'

System Composer R2019a

Intuitively design system and software architectures

Senser Sencev
Deted Cavs Detect Ma\ﬁ
% Speed Cavs -

Video \LJ
\ Camnera !

Pro cessing Datnbase o o~
ke \ Py Architecture —
| Debecting Drsplay X MoATe | ' -
Boavd L i e

MATLAB EXPO 2019
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System Composer

Add custom data

/

Create analysis model

= ré ~ Architecture Info
Power Unit La“: NAME
v Main
Name Power Unit
iy Stereotype Add..
- p 28V v OnboardElement Select
24V b Mass 0.217 kg
Power 0 mw
RFHarnessLength 0cm
6Y b
(1> 29V Battery k
Pwr Unit Status > —4lPwrStatus
[ £

MATLAB EXPO 2013

SmalluAvV
Instances
4 [ Smalluav
4 [ Airframe
o Fuselage
o LandingGear
& Tail and Boom
o Wings
4 E Flight Support Components
4 [(J ADSB Module
o ABDSB Antenna
o ADSB Board

o Pitot Tube
4 B3 FlightComputer
o Main Board

rm Prntartiva Maca

Mass(kg)

0

1.7
1.65

R2019a

Perform trade studies based on data driven analysis to optimize architectures

Calculate mass roll-up data

SmallUAY
Instances
4 [ SmallUAV
4 9 Airframe
o Fuselage
o LandingGear
o Tail and Boom
o Wings
4 E Flight Support Components
4 [ ADSB Module
o ABDSB Antenna
o ADSB Board
4 [ GPS Module
o GPS Antenna
o GPS Board
o Pitot Tube Module
4 B3 FlightComputer
o Main Board
o Protective Case

Mass(kg)
15.932
925
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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System Composer

Tackle Architecture complexity with spotlight views

Composition

==="ata Link > —@Data Link

L

[ Flight Support Components I
t ‘ v v "By o
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s ‘ |
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| |
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£
e
£
3 &
@ g
4 Al
g v v
 SupervisoryComputer
b FueiDam ©
(> EngineSiztus

MATLAB EXPO 2013

R2019a

Spotlight

FlightComputer

=

FlightComputer/Main Board
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