BPO

Bridging the Gap Between Systems Engineers'
Architecture Models and Model-Based Design

Gaurav Dubey - Principal Application Engineer

<) MathWorks




Key Takeaways

Unified environment with no data duplication enabling:
Optimization through analysis and simulation
Communication with various stakeholders using focused views

Responding to changes through the digital thread
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System Engineering Workflow

Stakeholder Requirements & - :
Needs { Use Caces ] Highly Iterative
Respond to changes Highly Collaborative
size
power Architecture:
weight Structure & Behavior '
performance
cost
reliability Optimize Communicate
el Deliverables:
» Specifications
System . . . « ICDs
Characteristics Multiple Viewpoints * Reports
« Code
 More....
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Mapping the problems users report with their current tooling

Stakeholder Requirements &
Needs Use Cases
e - desians
Difficulty responding to change
Hard to use
Steep learning curve ~ Not Synchronized _Not analyzeable

Architecture:
Structure & Behavior

) q 10
Not Analyzable 7\ Harcb
/ Not Executable Steep learning curve Deliverables:
¥ « Specifications
System . . . * ICDs
Characteristics Multiple Viewpoints * Reports
 Code

« More....
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Typical (simplified) System Engineering Workflow

Stakeholder Needs

( )
Requirements
\_ J
e N
Architecture:
Structure & Behavior
\_ J
e N
System
Characteristics
\_ J
e N
Multiple Viewpoints
\_ J

i
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How does this common approach of System Engineering work

( )
Stakeholder Needs o - 0o X
File View Viewpoints Mavigation Rendering Simulation Recording Help it
- < Chase v |Fly vl A 2dd|e | Elne.

Requirements

\_ Y,
Architecture:
Structure & Behavior
\_ )
7 N
System
Characteristics
\_ )
7 N

Multiple Viewpoints

Chase T=14.31 IFiv |Pos:I-0.20 0.02 -0.031 Dir:f0.00 -0.00 0.001



Start with a basic set of Stakeholder Needs

Stakeholder Needs

( )
Requirements

\_ Y,

e )

Architecture:
Structure & Behavior

e “
System
Characteristics
_ y
f \ A A

Multiple Viewpoints
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Requirements define what the system shall do

[ Stakeholder Needs ]

e ~
Architecture:

Structure & Behavior

e B
System
Characteristics
\_ J
e N

Multiple Viewpoints
- J

i

#6: Target Color S

The target shall be a ball that is
green in color

#8: Mission Duration .
The system shall be capable of
persistent target tracking for
greater than or equal to 4 minutes.

#9: System Size oy

The aircraft with attached payload
shall fit inside a 15cm x 30cm x 8cm
container.
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ldentify WHAT the System should do and HOW the system is built

e ™)
Stakeholder Needs

#9: System Size oy
The aircraft with attached payload
shall fit inside a 15cm x 30cm x Bem

s
\_

( ) container.

Requirements

Architecture:

Structure & Behavior <

( ) #6: Target Color
System The target shall be a ball that is
Characteristics green in color
. J
( )
Multiple Viewpoints
\_ J
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Perform Trade Study to Compare Different System Components

( )

Stakeholder Needs

Requirements

Architecture:

Structure & Behavior
\_ )

System DIY Mini Drone Tello
Characteristics

-

[ Multiple Viewpoints ]
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Views are used to simplify complexity

e )
Stakeholder Needs

\_ J
( )
Requirements
e N
Architecture:
Structure & Behavior D
\_ J
e N
System
Characteristics
\_ J

Multiple Viewpoints
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Views are used to simplify complexity

e )
Stakeholder Needs

_ J

( )
Requirements

\_ J

e ~
Architecture:

Structure & Behavior
_ Y,
e N
System

Characteristics

\_ J

Multiple Viewpoints

\B EXIPO
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Architecture models can be
complex

Spaghetti models are just as
problematic as spaghetti code

-
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Views are used to simplify complexity

e A
Stakeholder Needs

\_ J —
r N = Architecture models can be —
Requirements Complex |
\_ J
4 . ) ‘
Architecture: : . ! ! |
Structure & Behavior = An Architecture View can simplify —
> j the diagram to contain only the
System relevant parts
L Characteristics ) ‘- —

Multiple Viewpoints

i
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Views are used to highlight specific concerns

( )

Stakeholder Needs

Requirements

Architecture:
Structure & Behavior

. )
7 N
System
Characteristics
\_ J

Multiple Viewpoints
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Views are used to highlight specific concerns

i ) Software
Stakeholder Needs View
J ( \
4 ) Video
Requirements [ GUI ] [ Processing}
- g \On Board Processor

Architecture:
Structure & Behavior

. )
7 N
System
Characteristics
\_ J

Multiple Viewpoints
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Views are used to highlight specific concerns

i h Mechanical
Stakeholder Needs View
_ y
4 )
- ~ : Camera
Requirements Camera Power
_ Y, Switch
- - \ Payload ’)
Architecture: ﬁ
Structure & Behavior @
_ y
p . On Board || Battery
System Processor
L Characteristics )

Multiple Viewpoints
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Views are used to highlight specific concerns

[ R Software Mechanical
Stakeholder Needs View View
- s > . \
(" ) Video <:| Camera
Requirements [ GUI ] [ ProcessingJ [Camera] Power
\- J Switch
p - \On Board Processor ) \ Payload /)
Architecture: ﬁ
Structure & Behavior @
\_ J
= N\ On Board Battery
System Processor
L Characteristics )

Multiple Viewpoints
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Design and Implement the System

( )
Stakeholder Needs
\_ J
- ~ OUTPUT: Mode
. 1 = WaitForComms
Requirements 2 = Init
3 = Calibration
o J 4 = ReadyForTO
L\s 5 = TrackAlt
( ) 6 = Track3D
Architecture: g :tgifa”
Structure & Behavior 9 = Crash
( ) Ve ™
SyStem GCSCommands
L. 1) p{ GCSCmds
Characteristics GBSO C SCmds
) ’ ()
bool
( ) @ IZ;:ITH P IsBal Logic Logic Logic
. . . IsBall t Logic
Multiple Viewpoints
. W, @ SSt?:E p{ State
State \\ _/
ModeLogic
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Unified Environment for MBSE and Model-Based Design

Stakeholder System Requirements System Requirements —:] Z} H ig h Iy Ite rative
Needs A Pilot Input Signals ) ( )
Hydraulic Actuator Interfaces _ ] .

Highly Collaborative
Qg s Enabl
- Intuitive o

Implementation

L mr.d

Facilitates

Analysis and Simplifies

Execution Complexity Deliverables:
« Specifications
« [ICDs
* Reports
« Code
« More....
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Now let’s see it in action
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Requirements Engineering

24 Requirements Editor

File Edit Display Analysis Report Help

R = RE! = VS
View: Requirements v
Index 1D Summary Implemented Verified
v '_'!; SystemRequirements ( )( )
Bl 1 £7 Stakeholder Requirements C J( )
g 2 #18 Target Characteristics ( ) )

¥ Properties

Fllepath: C:\Users\cbrooks\MATLAB\Projects\quad-19b\work\SystemReq...

Rewvision: 6

Created by; manthony

Created on: 12-Apr-2019 12:13:04
Modified by: cbrooks

Modified on: 02-Mar-2020 17:10:51
Description:

» Custom Attribute Registries
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Requirements Engineering

& Requirements Editor

= O kA
File Edit Display Analysis Report Help
O = 4| B | S ~ Properties L
View: Requirements - | Type: Functional x
Index 1D Surmmary Imiplemented  Verified Traciese: i
¥ 4 SystemRequirements ( 1 ] Custom 1D: |
w BB 1 #7  Stakeholder Requirements [ 1 | Summary: |MI55IDI‘| Duration
B 11 £8  Mission Duration ( I J
B 12 #9  System Size ( 1| ] Description  Rationale
E 2 #18 Target Characteristics ( 1| ] b [vie ~[10 v|B 2 Ul = E = = - || [

The system shall be capable of persistent target fracking for greater than
or equal to 4 minuies. -

Keywords;
¥ Revision information;
* Links

Ma links

¢ Comments b
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Architecture Modeling

% GreenBallAsch * - Simulink

SIMULATION

0 [oka > - i N y = R d @ b - %) @
Project | New Esee - Library ¢ Signal ~ ||| Normal T Step Run Step Sto Data Logic Bird's-Eye ot

v E3Pint v | Browser v Table oG Fast Restart Back v v Forward Inspector Analyzer Scope

PROJECT FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS =
Disgram  Tools
] GreenBallArch g’
% © |[ElcresnBailarch » ML
3 =
!a i

B g

=

= S _ = — S — _

=] GreenBallArch

&) |

B

B3

(]

GroundControlStation w ’ Vehicle
Cmgs D> | D> Qmds
Telemetly < I < Telemetry
GreenBall
[y

@

[H]

« | éh

Ready 200% VariableStepAuto|
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Requirements Allocation

SIMULATION REQUIREMENTS X
5] @ Cdh & Import & Highlight Links @) «g
Save Al Requirements New S 0pen [ Layout Check Share
\ Editor Requirement Set Consistency ¥
‘g GreenBallArch Property Inspector X g
;‘:; [C) iereenaaumm v | | Requirement: #2 %
2 ~| Details =
= &K GreenBallArch
~ Properties
= Type: Functional X
Index: 11
| . [
D GroundControlStation Vehicle Custom ID: ‘ #2 ‘
B Summary: [Target Movement }
Cmds b > Cmds Description ~ Rationale
W @0 v|]B z U W = »
e Lol o | The target shall be tracked in 3 dimensions
= | above the ground
O
GreenBall
« | & 1 v |
Requirements - GreenBallArch ? x
View: [Requirements ~| [&[5|R] [E[E] ] [&]&]@ e |Search
~
Keywords: |
v &
il o — [ ] » Revision information:
vel #1 Target Characteristics ( ) e
¥ Links
1.1 #2 Target Movement ( ) s
- 0 linkKs
1.2 #3 Target Environment ( ]
B1.3 #4 Target Velocity ( J
814 #5 Target Size ( ) .| * Comments
Ready 94% VariableStepAuto
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Creating and Applying Interfaces — Top Down

SIMULATION
& -,:: 5:::_||:r: 100 @
T Manage  Apply ¥ e e Al ormal " Run
- Stereotypes - Model » w0 Fast Restart

: -]1f
2@ ‘é

B

(3}

=

=] GreenBallArch

=]

El b

(L)

GroundControlStation Vehicle
Cmds P B> Cmds
Telemetry < < Telemetry
‘ GreenBall
|

-

®

@ | a
[Ready 175% W
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Creating and Applying Interfaces — Bottom Up

Time | 10.0

&
na v B
Run
ast Restart
Property Inspector
DL Interface : GCSCmds | Element : Emergency_Stop
Properties
Type double
Dimensions 1
Unit
Complexity real
Minimum 0
Maximum 0
Description
Vehicle
Cmds > > Cmds
Interfaces ?
SE% (&)@~
Telemetry < < Telemetry Source: GreenBallArch.slx
[#] 4 GCSCmds
Takeoff
Land
Emergency_Stop I}
GreanRall
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Capture System Characteristics & Properties

e Py e v gy ———————————————— e

g - Model v 5@ Fast Restart
VIEWS COMPILE SIMULATE
‘ )
USB_Radio_CommsRelay Quadcopter
P GCSCmds - -~ ~GCS P P> GCSCmds — Telemetry B
GCSCmdsp@GCS
BallDatap@BData ’ /<,XZN
P BallData BData P> > BaHDa;{) Vs i Video P

el

[LAB EXIPO

Property Inspector ? X

Component

sa0RpIW]

Architecture = Info

v Main

Name Quadcopter
Stereotype Add.. =
v AirVehicle Select %

PayloadCapacity 14¢
BatteryCapacity 0 mAh

Cost 79.99 $

[ FullyReprogrammable

[ IntegratedFwdCamera

PayloadPerDollar 0g/$

Endurance 0 min

AirframeMass 46 g

TotalMass O0g

PowerDraw ow

PayloadBatteryCap... 0 mAl

HW_Implementation PhysicalDevice ¥

&\ MathWorks
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Facilitate Analysis & Trade Studies

4\ Analysis Viewer (Technical Preview) I}) - a x

EE:I 'I‘j H @ D LJiEostmmons @ |:| Automatic G

Al ts
[,> I‘?i.lﬂ‘lél‘\ = Refresh [] Overwrite Update

New Open Save Delete Analyze —_
- - BottomUp 2
INSTANCE MODEL ANALYSIS REFRESH UPDATE
[E5 Instances AirframeMass BatteryCapacity Cost Endurance  FullyReprogrammable IntegratedFwdCamera
4 il QuadArch
4 [F3 FPVCam_RadioComms
4 B9 Quadcopter 46 650 ?9.9 v
= Battery
4 ﬁ Payload
o Camera
o CameraPowerSwitch
4 Bj RPiCam_RadioComms
4 (9 Quadcopter 46 650 0 3.824743583 7
o Battery
4 a Payload
o Camera
o PayloadBattery
o PayloadPowerSwitch
o VideoProcessing
4 B3 RPiCam_WifiComms
4 [F9 Quadcopter 46 650 0 3.890014208 v
o Battery
4 a Payload
o Camera
o PayloadBattery
o PayloadPowerSwitch
o VideoProcessing

%3
B s

[ s315ad0ud IoNVLSNI I
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Simplifies Complexity: Live Views for Design Trades

= = = - - P 1 L SN ETYY
) Quadirch views * - Architecture Views Gallery - o x
VIEWS
i r = ) s (8 Open Requirements Editor Hide unconnected pors
w H @ ) € @ amg B 4 0r e G s
. \ = \F 5 ¢’ Linl selects equirement v X :

8 fiew it View Structure Rerun Query DeleteView | (3 ot Facis | O Lo selected Regupemen Display Depth Sl i
2 Properties & Filter uirements Manager - Hide connectors ]
B ©® £DIT C DisP - 7
g 4 ) BN ER Physical Aliocation V MPONED = 8
=& » [l Physical Alocation Y Pysical Allocation Name Value

3 4 Main

oS
£ Name
= Add.. v

H Stereotype A -

= 4 HW_implementation s

=] swW -

0
= 7
GCs
[
sw
No links
FPGA
VideoProcessing 5
e

-

« |eh
Ready 146%
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Simplifies Complexity: Communicate Effectively with Stakeholders

— = 4 Main
\
- 0OF e
ETMEZnuoiec_devboard
.
P e e T

' v REQUIREME
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Enables Implementation: Environment for Architecture and Design

& Quadcopter * - Simulink

SIMULATION MODELING
Find LJ— T1 . Stop Time | 60
U»\ A = = 5] & : &)
A Compate iy Interface  Importbase  Import import Anol Compone.. Reference  Variant | 7| Architecture Analysis Model | Update | LN ") Run
14 Environment ~ Editor workspace  MAT-file v  Stereotypes Compone... Compone.. Views v - Model v B Fast Restart
MANAGE a
Diagram
=) Quadcopter X GroundControlStation Operatorinterface Property Inspector # x
® Quadcopter b v | | Architecture
Architecture Info
Quadcopter ‘
Vv Main
= Name Quadcopter
Stereotype Add.. ot
Vehicle
&= GroundControlStation < Vehicle >
)
O
> Te elemetry_BLE D
ds_BLE > >
> To Tolemeiry Radio b
BallData_Radio b b BallData_Radio
b Image TruthData p
Component]
I & < Enter Model Name >
reenBal
< GreenBall >
BallPos_NED b
@
« | @l
Model Data Editor
Ready View 1 error 100% FixedStepAuto
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Simulation & Verification

Y &

{
&OR |=|E

[i¥

| View: Requirements ~

&<
[

¥ Properties

v [ conops
vEIL

E 11

E 1.2
1.3
1.4
1.5
1.6

=]

<
m
N B[

m

21
2.2

m

<
(<
w

@31

Model Data Editor

Ready

#1
#2
#3
#4
#5
#6
#10
#7
#8
#9
#11
#12

4\ Test Manager

3 H 4Cut @

& Copy Delete

E

TestSpec = Run
Report v

New Open Save

- - - Paste v

Test Browser

P>
Run with
Stepper

=] QuadcopterSystemTests

v Stakeholder_Requirement_Tests
|Z] 2.1 Mission Duration Test

v System_Target_Tests
|E] 1.1 Target Movement Test

J (=] 1.3 Target Velocity Teg\
"y

Name |5] 1.3 Target Velocity Test
Type Baseline Test
Model Quadcopter

Simulation Mode [Model Settings]

Location C:\Users\cbrooks\MATLAB!.
Enabled v

Hierarchy QuadcopterSystemTests »
Tags

1] A

Visualize

i Import u C)

Parallel Preferences Help
-

[ify Start Page [Z] 2.1 Mission Duration Test

1.3 Target Velocity Test

em_Target,

» DESC ON

v REQUI

(STEM UNDER TEST

Model: | Quadcopter

» PARAMETER

» CALLBACKS

» INPUTS

» SIMULATIO

» CONFIGUR

|£] 1.3 Target Velocity Test

mR&AC

v|Enabled |

o Add v [ Delete

110%

» Comments

FixedStepAuto
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Digital Thread - Navigation

=] & Find: 4 ¥ MatchCase
Contents

Code Generation Report for ‘ModeLogic'

Model Information

Author manthony
Last Modified By manthony
Medel Version 1.745
Tasking Mode MultiTasking

Configuration settings at time ¢

Generated Code i
Code Information

[-1Main file
ert_main.c System Target File ert.tle
[-1 Model files Hardware Device Type 32-bit Generic
» Simulink Coder Version 9.3 (R2020a) 18-Nov-2019
Timestamp of Generated Source Code Fri May 15 15:09:47 2020
Location of Generated Source Code C:\Users\cbrooks\MATLAB\Projects\quad-20a\work\Modelogic_ert_rtw\
Type of Build Model
Memory Information Global Memory: 90(bytes) Maximum Stack: 8(bytes)
[+] Shared files (2) Objectives Specified

Additional Information

Code Generation Advisor Not run

0K Help
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Digital Thread — Responding to change

{
A ®
nterface ge Apply Architacturs
Editer workspace - Stereotypes Vidws »
§ o« W Quedérch ModeLogic OnboardProcessor Quadcopter Propenty Inspecior
] eaciz £l
& © [Mquadarch » ™Quadcopter » v | | Component
g ~ Architecture Info
~ Main
Name
Stereotype
AlrVehicle
B2
(L]
OnboardProcessor e
ioB— b aCSC
> ; Motors
MoorCmds b
D Bal_SEN:
1D VotorCmek
Payload o
Betiy =
Ban_Sens
v
&0 v
Kile >
Requirements - QuagArch » x
View: |Requirements v | | (% L] S |
NCE g —
& # )
=1
&2
& 3 #3
Lae I ic v
Ready View 1 error 100%

Quadcopter
Ada..
Select.

sbleStepAuto

[ Requirements Editor
Edit Display Analysis Report Help
i ] = IIE 48 i |
View: |Requirements »

Index D Summary

v [% conops*

vt #1 t Characteristics
11 £ t Movement
a2 £ t Environment
B3 £4 Target Velocity
214 . 8 N
a1s
16 rial
=] %7  System Requirements
v [ FCS_requirements
&1 unications
& 2
=l
@ 4
v %4 HL
@1
33
85
87

& 10
Q1
quadcopter

Implemented Verified

~ Properties

Type: Functional ¥
Index: 13

Custom 1D: |

Summary: | Target Velocity

Description  Rationale
3 | [am Jo~e z v @

The target shall be tracked at speeds of less than or equal to 0.3 mis

Keywords:

» Revision Information:

¥ Uinks
£ < Derives:
= g4 Fught

I ¢ implemented by:

™ target
<
» Comments

4\ MathWorks
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Summary: Unified Environment for MBSE and Model-Based Design

Stakeholder Syt Reqrement Syt Regurement —3][-:1J Highly Iterative
Needs Pilot Input Signals ] ]
Highly Collaborative

SR_2 Hydraulic Actuator Interfaces _—
Respond to changeT[
No data duplication

Detact Licanse Piate vy Py Cal Oatanase T o
propespeding

Optimize Communicate

Deliverables:

« Specifications
« [ICDs

* Reports

« Code

« More....
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Learn More

Product Web Pages Solution Web Pages

Simulink for System Modeling and™* -
Simulation

System Composer

Model and simulate all parts of your system

in one mu ltidomain environmen t

Simulink Requirements MATLAB and Simulink for Model-Based

Systems Engineering (MBSE)

Author, manage, and trace requirements to models,

generoied code, and test cases ) S
Design, analyze, and test system and software architectures.

® Watch video § Download a free trial

Simulink Requirements Model-Based Systems Engineering

Simulink Test - MATLAB and Simulink for
Deve|op, manage, and execute simulation-based tests AUTOSAR

© Wach video $ Download a free trial

Simulink Test AUS

AR
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https://mathworks.com/solutions/model-based-systems-engineering.html
https://www.mathworks.com/products/system-composer.html
https://www.mathworks.com/products/simulink-requirements.html
https://www.mathworks.com/products/simulink-test.html
https://www.mathworks.com/solutions/automotive/standards/autosar.html
https://www.mathworks.com/solutions/system-design-simulation.html

