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| MATLAB E
Before we start, let's prepare to participate in this workshop

Use your laptop and a web
browser to run exercises

Download instructions
using the “Handouts” Tab

A group of TAs will assist with
guestions ? 5 E




Access MATLAB Online

=

Create your
MathWorks account

Sign in fo your MathWorks Account or create a new one.

4\ MathWorks-

Email

No account? Create onel

By signing in you agree to our privacy policy

MATLAB EXP

2. Access your license
https://tinyurl.com/DigitalTwinWorkshop

AMathWOrkS'@ Products  Solutions Academia Support Community Events

MATLAB & Simulink

Access MATLAB for your Hands on Workshop

MathWorks is pleased to provide a special license to you as a course participant to use for your
Hands on Workshop. This is a limited license for the duration of your course and is intended to be
used only for course work and not for government, research, commercial, or other organization

use.
Course Name: Mission Planning of a Quadcopter Using a Digital Twin
Organization: MathWorks
Ending: 05 May 2021

Access MATLAB Online


https://tinyurl.com/DigitalTwinWorkshop

MATLAB BEXIPPO

Access workshop files in MATLAB Drive

https://tinyurl.com/Digital TwinWorkshopFiles

MATLAB Drive

Sharing Preview

== Add to my Files «

o Add to my Files =

g1 MATLAB EXP02021 quadcopter

[A] Add Shortcut

Name -~  Size

» [ helperFiles

| % Copy Fﬂlde@j

# | Exercise1l.m 1KB
¥ | Exercise2.m 1KB
# | Exercise3.m 1KB

¥ | workshopcheck.m


https://tinyurl.com/DigitalTwinWorkshopFiles

MATLAB

How to get assistance during the workshop

BigMarker
(use Q&A)

Slack

Q&A

New Answered Published Archive

-©
| have a question about Simulink Online
and Exercise 1. How can | maximize the

model?
0 votes #

Ask a guestion...

Send

a3t slack

Sign in to MATLAB EXPO

matlab-expo.slack.com

G Signin with Google

|

& Sign in with Apple

)

: Browse Slack

v Channels

# challenges-ai-ar

# digital-twin-quadcopter

# general

Send a message to #digital-twin-quadcopter

&

e o o3




Products used in this workshop

Today we will be using Simulink Online

MATLAB

-

Simulink Online
Overview  Specifications and Limitations ~ System Requirements § Trial software Contact sales
r . e
s A S AN
N &
&
& ‘
y

Electrical

§¢

§¢

IRy

Multibody
52

Simulink Online

Simscape

Use Simulink through your web browser

Start using Simulink Online

Sign in to MATLAB Online to use Simulink or open an existi

Simulink Online is available with select license:

4] 0

Use Simulink with no downloads Collaborate through Store, manage, and access

or installations online sharing your files anywhere TO O I b O X ™

Navigation Toolbox™

Predictive Maintenance
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The problem we’ll be tackling in this workshop

\

*t )

What if the need is too
critical and failure is not
an option?

How to "fail fast" so we
can address issues

e before deploying to real
/ devices?

Design a delivery drone Valuable cargo



MATLAB EXP

The problem we’ll be tackling in this workshop

®|

[ e e e Ty

Digital Twin

Design a delivery drone Valuable cargo



Workflow

Use your data to build models and predict failures

Collect Data Physical Modeling Predict
Create Datastores (digital twin) Fault Detection, RUL

(both real + digital Behavior Modeling Change Control
models)

MATLAB EX

Integrate

&3

Code generation
Deploy




MATLAB BEXIPO
Digital twins connect the virtual world of simulation
to real world operation.

10



MATLAB BEXIPPO

Real world data informs simulation, and simulation
data informs operation.

11



MATLAB BEXIPO
You can use digital twin simulation data to build

data-driven behavioral models.
GBuild model

-
ﬂ Predict ~

12



MATLAB BEXIPPO

Exercise 1:
Meet the Digital
Twin

%" Plan the

& A€ Cr,
w, e W R

il %= Mission

%
&)

Exercise 3:
Fault Detection

13



MATLAB BEXIPPO

Exercise 1:
Meet the Digital
Twin

Exercise 3:
Fault Detection

14



Modeling the Quadcopter

MATLAB BEXIPPO

15



MATLAB EX

|
. . - . ) N
We used Simscape to build the digital twin of our O | |y @
quadcopter v | o | iy | i
. Simscape

Simscape allows us to model a multidomain system as a physical network that
reflects the structure of the actual system.

=0 §
Inertia Inertia1 &w
HO H Hon

Resistor Inductor 4
2o Spr|ng1 SprlngZ Spring3
W+ ) + Shaft QO\C \ ‘ R":“.;‘-‘;’;"c \
Rotational L o . — UK —Tf} P
RTC . _R—IC |

\ ||_4

= (14
Electromechanical e == Friction
Ve Converter . o o Housing T
4 3
O O Damper1 Damper2 Damper3 Voltage

16



Exercise 1

MATLAB BEXIPPO

17



In your browser, navigate to:
https://tinyurl.com/DigitalTwinWorkshop

uuuuu

MATLAB BEXIPPO

18


https://tinyurl.com/DigitalTwinWorkshop

— 2 Navigate inside the copy you made of
HW the workshop folder.

[ &> MATLAB Drive » [T MATLAB_EXP02021_quadcopter ]

Explorer

Double-click your copy of the workshop
folder in the File Explorer.

MATLAB BEXIPPO

19



MATLAB BEXIPPO

Type workshopcheck into the
Command Window and press Enter

HOME

@ op i) Upload =] Goto File % @ E;L E a | @ Preferences & @ #% Community

Mew  Mew  New U Dounioad [g) Find Files | Import  Clear Fevorites  Clear Simulink  Layout [[[] paralel = Add-Ons  Help e

Script Live Seript ~ Data  Workspace v ~  Commands v - - ~ [l Learn MATLAB

FILE VARIABLE CODE SIMULING | g N Iy

@ T & / > MATLABDrive » Copy_of vGHC20_DigitalTwin » -
¥ CURRENT FOLDER @ | »» workshopcheck

Name ~

ﬂ workshopcheck. m Welcome to the Digital Twin } } NG r‘kS h ﬂ p C h E c k:

%) Exercise3m

#) Exercise2.m You have write permission in

[ Exercise1

) Initializing the exasrcises...
%) Exercisel.m |

* [ helperFiles.

¥ \WORKSPACE o
Name Value Size Class
4

20



MATLAB EXIPC

Type Exercisel in the Command
Window and press Enter

@ o ] Upload =] Goto File & @ . Lz [ = @ Freferences & @ f«:_:*iCDW'"witv
. Clear sebac

Simulink  Layout [[[| parallel ~ Add-Ons | Help
- ~ [ Learn MATLAB

N\ ENVIRONMENT RESOURCES Iy

New  New  New \|Couwnioad [ FindFiles Import  Clear Favorites
Script Live Script Data  Worl
FILE VAR

| & € [/ > MATLAB Drive » Copy_of vGHC20,
¥ CURRENT FOLDER @ | »> Exercisel

»» Exercisel

P \
& Quadcopter_Exercise2 -
B Quadcopter_Exercisel -
# Exercise3.m

®) Exercise2m
#) Exercisetm
» [ slpr

* [ helperFiles

= When model opens, maximize the window.
. Then, click anywhere on the Model Canvas
G and press the space bar to Fit to View.

I



Let’s walk through the model for Exercise 1...

Quadcopter_Exercisel - Simulink
SIMULATION DEBUG MODELING FORMAT
Ol Stop Time | T_stop " =
oo - B8 5 O B | |omiw g @ B %
New [ save ~ Library Signal ~ [Norma ~ | Step Run Step Stor Data Logic -
- Browser Table mg@ Fast Restart Back - - Forward Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
5 < Quadcopter_Exercisel g | Motes - Quadcopter_Exercisel_notes.mldatx
v
z [a|Quadcopter_Exercisel » — —
g va @
o | &
E S Model notes
€3 MATLAB EXIPPO 2021
o _ _ N . The simulation model of a package delivery
—_ Mission planning of a uccter using a Digital Twin quadcopter contains a Multibody model of a
- quadcopter which is connected to the world frame
Objective: Step 1: Attach your payload . -
In Exercise 1, you meet the quadcopter digital bavin and become acquainted with the madel via 6-DOF JGIFIL A Maneuver Controller
using Simulink Cnline. Your task is 1o attach the payload to the body of the guadcopter and ey . .
run the simulation. You can also explore the electromechanical model of the propellers., m:.d.MEMd + SUSbSYSIE‘m is used to control the motion of the
D Use the additional resource {scopes) to monitor and analyze simulation results. il il e =
guadcopter. Additionally, the propulsion system of
Step Z: Run your simulation the quadcnpter is modelled USiﬂg Simscap-e
[Simulation Tab) - .
P = Electrical toolbox. A package is attached to the
e T quadcopter via weld joint and is released using the
T ———— .]omF Disengagement feature in Simscape
i Multibody toolbox. Further, contact forces between
Ui the package and the ground are modelled so that
= - .
whenever the quadcopter delivers the package, it
Additional task: Examine one of stays on the ground surface instead of sinking
the propellers helow it.
Inmde the guadcopier
- SULSYSIC, Mavigale i i ) .
— il This first exercise focuses on the physical
B2 modeling of the device, which includes mechanical
- and electrical domains.
Ready A40%

L Quadcopter system modeled in Simscape

MATLAB EXP

Notes provide
detailed info
about the
model

22



Let’'s walk through the model for Exercise 1...

Quadcopter_Exercisel - Simulink
SIMULATION

DEBUG MODELING FORMAT

Ol Stop Time | T _stop >
oo - B 05 o o3 | Owielg @ P o= B
New [5] save ~  Library Log : signal |7 | [Norma ") sep R swep  sop Data logic |~
- Browser ! Table ug@ Fast Restart Back - - Forward Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS a
5 < Quadcopter_Exercisel g7 | Motes - Quadcopter_Exercisel_notes.mldatx X
v
z [a|Quadcopter_Exercisel » — ==
| - i 1
TR Bt -
E a Model notes
€3 MATLAB EXIPO 2021 o _
o _ _ N The simulation model of a package delivery
=+ Mission planning of aé::ri';’:eptf' using a Digital quadcopter contains a Multibody model of a
quadcopter which is connected to the world frame
Objective: Step 1: Attach your payload . n-n
In Exercise 1, you meet the quadcopter digital bavin and become acquainted with the madel via 6-DOF ]GIT'IL A Maneuver Controller
using Simulink Cnline. Your task is 1o attach the payload to the body of the guadcopter and - Cikhee s | a .
run the simulation. You can also explore the electromechanical model of the propellers, H . it + sushsystem is used to control the motion of the
D Use the additional resource {scopes) to monitor and analyze simulation results. il il e a
guadcopter. Additionally, the propulsion system of
Step 2: Run your simulation the quadcopter is modelled using Simscape
b Quadcopter ectric olbox. A package is attached to the
# ‘s'm“'“‘q;"“"“"‘b Electrical toolbox. A package is attached to th
A e T quadcopter via weld joint and is released using the
| T ———— .lomF Disengagement feature in Simscape
t Ft i Multibody toolbox. Further, contact forces between
E: - Ui the package and the ground are modelled so that
. + whenever the quadcopter delivers the package, it
+' ‘Additional task: Examine one of stays on the ground surface instead of sinking
5 the propellers below it.
H Insde the guadcopter
— + SUESYSIC, Mg ale o ) .
— il This first exercise focuses on the physical
B2 modeling of the device, which includes mechanical
« |8 and electrical domains. .
Ready A40% odel
—

Exercise 1 Steps

MATLAB BEXIPPO

23



MATLAB EXP

Exercise 1

= Objective: Attach the payload to the quadcopter body and run the simulation

Step 1: Attach your payload

Click here to
attach payload

Hyperlink opens up the quadcopter body subsystem

24



MATLAB EXP

SIMULATION DEBUG MODELING FORMAT
CE Stop Time | T_stop » -
P - BB 3 o B |omlw]lqg @ P %
New [ save - Library Signal ~ | Normal 21 Step  Run Step S Data Logic Bid's-Eye |~
- Browser Table m@ Fast Restart Back « - Forward Inspector Analyzer Scope
FILE LIBRARY PREPARE SIMULATE

5 4"3 4, quad_body i MNotes - Quadcopter Exercisel notes.mldatx
g S o Follow
@
3 | g - - these
5] i [eheeral To demonstrate the package delivery using a . .
= | & 59 e Fighs Compasin i : : quadcopter, the package is attached to the quadcopter N Stru Ct| ons

= S O ST ”"*”"7 i via a weld joint and it is released using the joint

. | g disengagement feature in Simscape Multibody. tO add and

B E———— \ -,¢Z.|—., /l_ The goal in this exercise is to finalize the model: conn ect th e

n - E.—|':-“‘_=— - - : 1. Open the Custom Library b I OCkS | N

e e T 2. Drag the blocks
N . . . : 3. Connect the medical kit (to ground, weld joint
= S e ot dioengate 1our) the correct
\i E 4. Connect the weld joint (to plate_bottom and Seq uence |
ey e disengage logic)
/|—/|— 5. Connect the disengage subsystem to the
' ' ' existing world frame block
|Cli|::k here to open Custom Library |
_ A schematic is provided below:

=

-H

« =
Ready 59%

25



Exercise 1 — Step 1 in more detall

MATLAB BEXIPPO

1. Drag all the blocks from the Custom Library into the blue area and get ready
to make the connections

-

Add blocks in this area

Disengage

26



MATLAB E)P
Exercise 1 — Step 1 in more detall

2. Connect the Payload Top to the ground and to the Quadcopter Bottom Plate
via the Weld Joint

o

eld Jai plate_bottom
Payload WELD Quadcopter Bottom V
’ Plate o

Base Follower / : AN

’{m

=3
[
2

Ground G rou nd

27



MATLAB EXF

Exercise 1 - Step 1 in more detall

3. Ensure the Weld Joint can be disengaged when Payload reaches near its

destination

Payload

ElB
R

e

Weld Jaint plate_bottom V
uadcopter Bottom
WELD Q P &
* ,;::" x

G.mund: Ground

.a World Frame

Waorld Frame

Plate y
Base Follower 7/ \
Disengage
ignal
Follower Signa
Disengage Logic —
Base

Disengage Logic

28



MATLAB BEXIPPO

Once you are done connecting the blocks

@ l:::h;:’:::s Explorer-Quadcopter_Exercisel -X
= Click “Run” to simulate ="

= Animation opens up in a new window

Zoom Use the mouse scroll wheel to zoom
in/out.

= You can also visualize the results using
the provided scopes

‘ 1X=U=‘T\me 158

29



MATLAB EXF

s
L

Hﬁ Exercise 1 Summary

« Objective: Attach the payload to the quadcopter body and run the simulation

Steps: Schematic:
1. Click on the hyperlink in Step 1 : Attach
your Payload t L

: I.'
' plate_bottom

F
mod\é‘//

Weld Joint

2. Follow the instructions in the quad_body
subsystem

Ground

t

Medical Kit

Disengage Logic

click “Run” to simulate  (»)

Run World Frame

3. Once you are done connecting the package, l

-

4. View the animation to confirm pickup and
delivery

30



H

f‘"'g What did you observe?

Did the quadcopter pickup the package?

Did it drop the package to its destination?

= Anything else?

MATLAB BEXIPPO

31



MATLAB BEXIPPO

Exercise 1:
Meet the Digital

A\ &

e » =/ D
- 0 = ~ i .
Kepopy 72 3 TG X
.q/-/”ne_ 3 g o
TISEA -9
oo F0
2
St 79 /
Dy / £ O, 'q ﬂ S48 4
CK
o
» v/ 8 L+
. »
my TR
& -

Exercise 3:
Fault Detection

32



| : :
Use navigation to plan your route

Initial
Location

M[EH

MATLAB EXl

Location

33



MATLAB EX

| Fully autonomous navigation has no human in
the loop

‘/‘ .\.
~ ~

/ .
Initial m'i] Ma
| ocation q P q

il

\
¢ Goal

/A ' Location
Hakls: A HrHEsE

34




MATLAB BEXIPPO

| . . . . .
Autonomous navigation is complex in changing
environments.

Y [meters]

5
X [meters]

Simultaneous Localization Static Eg;\/gonment
and Mapping (SLAM) Preplanned Path



' Path Planning: Get from point A to point B.

o

_
r .

MATLAB BEXIPPO

36



' Path Planning Algorithms: Find an optimal path

MATLAB BEXIPPO

37



' Path Planning Algorithms: Find an optimal path
and select waypoints

MATLAB EXIPC

38



"You will use an RRT planner to generate the
optimal path for the quadcopter.

Binary Occupancy Grid

MATLAB BEXIPPO

iImage = imread(scenario);

bwimage = rgb2gray(image) < 0.5;
grid = binaryOccupancyMap(bwimage,10);

Y [meters]
o

Ss = StateSpaceSEZ;

planner = plannerRRT(ss,sV);

0
X [meters]

39



MATLAB EXP

Navigation Is just the beginning — control and

simulation are next!
/From Exercise 1

Simulate

Using
Virtual
Model

Navigation Control

40



Exercise 2

MATLAB BEXIPPO

41



MATLAB E

Type Exercise2 In the
Command Window.

HOME
= =3 = Ay (% Community
@ [ qp ) Upload =] Go'to File & E L =] TN Y — (% @ ® reedback
New  New  New U Douncad [g) FindFiles Import  Clear | Favorites  Clear Simulink | Layout [[[] Parallel = Add-Ons Help = oo
Script Live Script Data  Wo, - + [ Leam MATLAB
FILE VA NVIRONMENT RESOURCES Y
< [ @ /> MATLABDrve » Copy_of vGHC T
CURRENT FOLDER »> Exercise2
Name -

Bl Quadcopter_Exercise2 -+ :. }' E-:':-E r'l'l: j. SEE

Bl Quadcopter_Exercise1
) Exercise3m
®) Exercisazm
) Exercisetm

>

* [ helperFiles

WORKSPACE
Name Vvalue size
H an 7.6000
B ans 12.8282
HH BreakTor 40
HH Breakvel 2

When model opens, maximize the window.

o Then, click anywhere on the Model Canvas

B k_air 0.0248

e ) and press the space bar to Fit to View.




MATLAB EXP

Let’s walk through the model for Exercise 2

Exercise 2 Steps

SIMULATION
I{J'] ]| = Stop Time |T_stop | (p) = LA
Y Open ~ O »l > qa L ﬂ[) )
New [ save ~ Library Signal S|l Accelerator v Step Run Step Data Logic Bird's-Eye -
- Browser Table 5@ Fast Restart Back = - Forward Inspector Analyzer Scope
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS a
] Quadcopter_Exercise2 == Notes - Quadcopter_Exercise2_notes.mldatx (I
w
2 | @ [faQuadcopter_Exercise2 » A @
@
o v
3 Q MAT LA B E)\r 2021 v Model notes
S
Mission planning of aé!:ﬂd'?ﬂ’m;f using a Digital Twin This package delivery quadcopter system consists of a quadcopter
=+ ercise connected to the world frame via 6-DOF joint. A Maneuver
& Objective: [Workshop instructions Controller subsystem is used to control the motion of the
= In Exercise 2, you learn how the quadcopter determines its path from the starting point S;‘I: 1: Select your flight quadcopter. A package is attached to the quadcopter via a weld joint
to the delivery destination. In this exercise, you'll run simulations to see the effect P - < < :
0 obstacles have on a planned path and the effect that the path has on the battery capacity. el = US-Irlg th? Joint Dli.;engagement e
Click here to Show 3D view quadcopter nears its delivery destination.
generate path
This second exercise focuses on modeling the navigation aspect of
the device, which in turn has an impact on battery life.
Takoh
Workshop Instructions:
Step 1: | [Step 2: Run simulation
:9I:1c1 vour (| o Generate the path in Step 1. Three different options are provided.
e T The RRT planner algorithm generates the path based on the
L'a‘:_:;"‘ scenario. In Step 2 check a previously generated 3D view of each
o case.
Take-home exercise:
Step 3: Visualize additional results After generating the path, run your simulation using the toolstrip.
) [ —— . Whenever you're ready simply click "Stop” to finish the current ru| &%
= | I Examine the waypoints and check the impact on the battery life. m
« ||=
Ready 46% odel

43



MATLAB E

Steps:

1. Click on the hyperlink in Step 1 open a
new window to generate the flight path.

2. In the new window select the scenario
and click “Generate path.” When ready,
click “Close” to close this window.

3. Check the 3D view for each case.

Take-home exercise:

In the toolstrip click the Run button to
simulate. Allow simulation to run at
least for a few seconds. Use Stop to
end the simulation at any time.

Monitor additional results

44
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MATLAB BEXIPPO

Now that we can plan a mission
for the digital twin, how can we
test failing scenarios?

46



MATLAB BEXIPPO

Exercise 1:
Meet the Digital
Twin

Exercise 3:
Fault Detection

47



MATLAB BEXIPPO

| )
Predictive Maintenance can be used to detect faults In
machines

Fault
Detection

Motor

48



MATLAB

Connecting both worlds of Physical Modeling and Predictive Maintenance

M
N7

Physical Model

Run multiple
simulations

\ I’
N
L

Datastores

Collect, store
& preprocess Data

A

Machine Learning
Models

Build Models for
specific behaviors




MATLAB
Build and train models using Predictive Maintenance Toolbox

Today’s scenario:

 Potential failure of one of the motors

« Offline modeling in MATLAB using data and Predictive Maintenance
Toolbox

T

Fault Injection Simscape Model Build Behavior
Model

MATLAB

50



MATLAB I

Pre-trained ML models can be exported to Simulink

Export Model to Simulink using Embedded MATLAB
function

MATLAB

Build Behavior
Model

Fault Injection Simscape Model

Datastores

Fault Detection

51



| MATLAB

Build a Fault Detection Model using Simulated Data

_  Identify condition .
- Remove outliers indicators « Use Embedded

« Remove noise MATLAB functions

Classifiers

Your model is only as good as your Time series data
data

52



|
Fail fast and design fault tolerant systems

Today’s scenario: Potential failure of one of the motors

A

Fault Detection

Commanded
Torque changes
once fault state Fault States for

is identified Control Motors 1. 2. 3. 4
Commands P

MATLAB I

53



%F Exercise 3

MATLAB

54



MATLAB I

Type Exercise3 In the
Command Window

HOME & ml = & @ ara
= » - = 8% Community
E L+ '{IF 1] Upload =] Gota File &. @ D Ll s = @ Preferences &‘3 @ O e
New  New  New U5 Douniosd [ FindFiles Import  Clear Favorites  Clear Simulink | Layout [[l] Parallel ~ Add-Ons  Help = oo
Seript Live Script ¥ Data Wor - ~ [l Learn MATLAB
FILE VAR {VIRONMENT RESOURCES =
< E 3 & /> MATLABDrve » GCopy_of vGHC2 -
CURRENT FOLDER > Exerciced

— ) »» Exercisel

B Quadcopter_Exercise2
B Quadcopter_Exercise1
%) Exercised.m

#) Exercise2m

#) Exerciselm

b

* [ helperFiles

RKSPACE
Name Value Size
5 An 7.6000
HH ans 12.8282 1x
1%1 struct 1=
EH BreakTor 40
EH Breakvel 2 1x
EH combFric 10 1
[ contact... 300000
[ contact... 350000000  1x
EH DynaFri_. 05000 1x
H goal [5.8.6] 13
B 1max 35 11
H initialAlt. . 0.0600 1%
B Jm 5.0000e-04  1x1
B3 k_air 0.0248 11
B Kii 0.0200 1
H kip 0.5000 1x
HH Kiw 1.4000 -

14



MATLAB BEXIPPO

Exercise 3

Click on Inject Fault

MATLAB EXPO 2021

Mission planning of a quadcopter using a Digital Twin

Exercise 3
Objective:
In Exercice 3, you will understand how o run multiple simolations and create a bohavior Step 1: Inject your faults
model 1o predict the faulis that could happen in one of the molors. Your task s 1o inject Tauls =l —
and observe the fallure, fellowing which you will alzo twrn on Faull Detection l} :ESFFEU' an
and observe how the system salely soll crashes.

Step 2: Run your simulation
(Simulation Tab)
d & bk -

i

S
[I

Step 3: Turn on Fault Detection

Tum O Fault
Detaction

1
—| SC
i) |

1

Step 4: Run your simulation
again (Simulation Tab)
d & B =

i i g
Aok = - bl

Additional Resource:
Visualizations

B o o e i i i e o

56



MATLAB BEXIPPO

Exercise 3

Inject Fault at a given “time” T secs

Step 1: Inject your faults

Inject Fauhl an

Block Parameters: Faultinjection

Fault Injection

would lead to the loss of motor torque.

Copyright 2021 The MathWorks, Inc.

Source code

The Fault Injection block is used to model the faults in the propulsion system which

Choose source

Matar

Step 2: Run your simulation
(Simul }

Step 3: Turn on Fault Detection

Turn O Fauh
Debaction

Step 4: Run your simulation

again (Simulation Tab)
d w B -

Settings

Parameters |

Enable faults: | Off

I

OK

H Cancel || Help |

Block Parameters: Faultinjection

Fault Injection

the loss of motor torque.

Copyright 2021 The MathWorks, Inc.

Source code

The Fault Injection block is used to moflel the faults in the propulsion system which would lead to

Choose source

Additional Resource:
Visualizations

Settings
Parameters
Enable faults: |0n b |
Eﬁgd-l;—orq ue when |tnrqueFauIt1 |
Enable external fault |0ff - |
trigger:
Enable temporal fault | on |
trigger:
Simulation time for fault |tFauIt1 | |S . |
event:

[ OK ] ‘ Cancel | | Help | | Apply |

Time to run this part of Ex3-a: 3mins

57



Fxercise 3 Turn ON Fault Detection

Step 1: Inject your faults

Inject Faul an
Katar

Step 2: Run your simulation
(Simulation Tab)
L T | EA

Block Parameters: Fault Detection - %

Subsystem (mask) QE @ HD

Step 3: Turn on Fault Detection

Tuirn O Fadilt
Detaction B

MATLAB BEXIPPO

Step 4: Run your simulation
again (Simulation Tab)
o Y P =

nhy
Ak - = Fa=wa

Additional Resource:
Visualizations

I | | e Se
Back - - Forward
Parameters =IMULATE
\\\
Fault Detecfion | Off - |
| 0K | | Cancel | | Help
- - T

Time to run this part of Ex3-b: 4mins

58



MATLAB EX

Key takeaways

Predictions: model 1.1

rs)

Y [mete

Physical Modeling Path planning in Predictive
Maintenance for

(Digital Twin)
autonomous systems Digital Twins

59



| _ _ _ _ _ MATLAB BEXIPO
Predictive Maintenance evolves within a problem

and over applications

Fault Condition Remaining
Detection Monitoring Useful Life

Motor had Potential Motor
iron losses Failure in 2 days

Motor

60
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Digital twins join the fleet to meet delivery
challenges.




MATLAB

| Digital twin is not novel, has been used for expensive
assets where reliablility is essential.

Long-Range
Communications

Asset
Management

CubeSat Simulation
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' Digital twins transform technology to be safer,
better and cleaner.

Industrial Automation Automotive Utilities & Energy

Medical
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Additional Resources
Learn more:

What Is a Digital Twin?
www.mathworks.com/digital-twin

Robotics and Autonomous Systems
https://www.mathworks.com/solutions/robotics.html

Predictive Maintenance with MATLAB and

Simulink
https://www.mathworks.com/solutions/predictive-
maintenance.htmi

f @ »

#matlabexpo #digitaltwin #workshop
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SIMULINK

B

Simulink Onramp

Get started quickly with the basics of
Simulink.

— i
*a Simulink Start Page
Simulink

= Open...

Recent

Learn

[*g Simulink Onramp

Cp Stateﬂo%!)nramp

@ Control Design Onramp with Simulink

[ simscape Onramp

Simscape Onramp

Learn the basics of simulating
physical systems in Simscape.
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