MATLAB EXPO 2019

Systems Engineering

Requirements to Architecture to
Simulation

»

® o

Gaurav Dubey, MathWorks

\ 4
g



4\ MathWorks

Key Takeaways

= Digital thread providing traceability between requirements, architecture, and
design
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REQ 3.1 ENABLING CRUISE CONTROL ENABLE SWITCH DETECTION
Cruise control is enabled when If the Enable switch is pressed
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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
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What does that mean?

Later in the Process

Models

Early in the Process

Concepts/Descriptions
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1.1.Normal Mode of Operation

Durning the normal mode of operation, the Fault Tolerant Fuel Control Systes
shall determme the fuel rate which 1s injected at the valves

‘ 1.11. Stoichiometric mixture ratio

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

‘ 1.12. 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. During a | AP T
calibratible warm up period the oxygen sensor correction shall be disal ::g
sz
1.1.3. High Oxygen Level 2

If the EGO sensor determines a high oxygen level present in the exhau: f
gas, the Svstem shall increase the fuel rate n order to maintam the —
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What is the Gap?

Later in the Process

Models

Early in the Process
Concepts/Descriptions

SelfLocation

DDDDDDD
ooooooooooooooooo

F
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What goes into the bridge?

Be Intuitive
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Facilitate Analysis Tackle Complexity Enable Implementation
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Digital Thread for Traceability

MATL

Functional Requirements

1.1.

I

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)




MathWorks Solution: System Composer
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Now let’s see it In action
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& Requirements Editor

File Edit Display Analysis Report Help
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View: Requirements -

Summary

Aircraft Capbilities
Ground Station Capabilities
BLOS Capabilities
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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

§#35: Propulsion Power e
Description ~ Rationale i
| (B

e
Propulsion Power Subsystem -
The aircraft shall be controllable for all < - s
distances within line-of-sight

ldentify gaps in

. . |dentify impact of requirement changes
architecture or design y Imp . 9
Implemented Verified = 4= implementsd by:
G o ) ' counter
- " -
__— *' Issue: Destination Changed.
Implemented: 16, Justified: 0, Mone: 2, Total: 18
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Intuitively design system and software architectures
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Perform trade studies based on data driven analysis to optimize architectures

Add custom data Create analysis model Calculate mass roll-up data
SmallUAV SmallUAV
Instances Mass(kg) I Instances Mass(kg) f
. -/ Al Architecture | Info « g SmallUAV 0 4 [ SmallUAV 15.932
Power Unit = 4 9 Airframe 0 « [ 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 1) Stereotype AddL. o Tail and Boom 5 O Tail and Boom 27
<> 28v v OnboardElement Select o Wings 3.2 o Wings 3.2
2av 1) Mass 0.217 kg 4 5 Flight Support Components 0 4 E Flight Support Components 0.629
' Power 0 mwW 4 [ ADSB Module 0 4 [ ADSB Module 0.156
RFHarnessLength 0 cm o ABDSB Antenna 0.058 o ABDSB Antenna 0.058
6V B o ADSB Board 0.098 o ADSB Board 0.098
_ 4 E GPS Maodul 0 4 GPS Module 0.398
"\ 28V Baltory * o GPSgl 0.128 o GPS Antenna 0.128
Pwr Unit Status > —@PwrStatus o GF 027 o GPS Board 027
o Pitot Tube 0.075 o Pitot Tube Module 0.075
- = 4 9 FlightComputer 0 4 3 FlightComputer 0.388
o Main Board 0.145 o Main Board 0.145
m Pratantive Caca n4aR rm Protective Case N 195
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Tackle Architecture complexity with spotlight views
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System and software architectures connected to implementations in Simulink

Generate Simulink models from
architecture components

mainPowerBus & > propulsionSupply
>eplSupply ADD erMeasurements
IMPLEMENTATION
>ecommSupply H E RE latorsSupply
>@apSupply »evehicleSupply

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

Link Simulink models to
architecture components
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Simulink: A Multi-Language Simulation Environment

State Machines

k = 20;
max = 40;

Il

-] for k=1:max;

XFFT = fft|[da’

xfft = abs|xF

Y L il mag = 20*1ggl!

it “ magl = mag(l:]
‘Ir -end

Object-O'rie'nted

hysical Modeling
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Learn More

Simulink Requirement Webpage
System Composer Webpage
System Modeling and Simulation Webpage

= Trial
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