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Let me tell you a story... lellne
The largest autonomous logistic network for medical supplies

All images and videos on this slide are from https://flyzipline.com/ 3
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Let me tell you a story... lellne
The largest autonomous logistic network for medical supplies

Some of the technology involved:

GPS for tracking \éﬁ/ e
« Communication system - -, ‘
- Battery management -
= Materials for quick substitution

of the drone’s parts
=  Automatic safety features

Engineers at Zipline have used MATLAB and Simulink to test the
drone in a number of different scenarios and optimise the algorithms.

All images and videos on this slide are from https://flyzipline.com/ 6
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What Tomorrow’s Engineers and Scientists Need to Know?

Control, Signal Processing, Optimization, Computer Vision
Abstraction, Modelling, and Simulation

AND

Multidomain System Development

AND
Distributed and Connected Systems Electrical
Using Cloud Platforms and Big Data Processing
Al and Data Science E
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Challenges in Online Teaching

Project-Based Learning

= Engagement with students, keep them Treat engineering students like engineers
motivated Hands-on experience of working on hardware
and software
=  Development of skills in real-problem Solve authentic problems in myriad contexts

_ _ Increase student interest and improve learning
scenarios to get ready to industry

= Virtual Laboratories
= Remote classes

=  Remote exams




Let’'s consider an example...
Quadcopter with Pendulum Simulation

Learning Objectives

» Develops Computational
Thinking for complex
systems

» Enables comparisons of
theory and simulation

* Principles of control and
path planning
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How can students ramp up/refresh their MATLAB and Simulink skills?

Getting Started

X4

MATLAB Onramp

Simulink Onramp

Get started quickly with the basics of

MATLAB. Simulink.

Core MATLAB

MATLAB Fundamentals MATLAB for Data Processing

J
ad Viimclizalton

Leam core MATLAB functionality for and Visualizatior
data analysis, modeling, and

programming

Create custom visualizations and
automate your data analysis tasks.

=)

Detaits

Computational Mathematics
*Available only to users at universities that offer campus-wide online training access.

-

Solving Nonlinear Equations
with MATLAB

Introduction to Symbolic
Math with MATLAB

Get started quickly with an
introduction to symbolic math.

Use root finding methods to sclve
nonlinear equations.

Get started quickly with the basics of

https://matlabacademy.mathworks.com/

FREE
y -

Nm|

%>

Deep Learning Onramp

Online Self-Paced Interactive Training
~2 h each

Machine Learning Onramp Stateflow Onramp

Learn the basics of practical
machine learning methods for
classification problems.

Get started quickly using deep
learning methods to perform image
recognition.

Learn the basics of creating, editing,
and simulating state machines in
Stateflow.

() (o) ()

Data Science

~10 -15 h each

MATLAB Pro Machine Learning with Deep Learning with MATLAB

Vol MATLAB Leam the theory and practice of
Improve the robustness, fiexibility, Explore data and build predictive building deep neural networks with
and efficiency of your MATLAB code. models. real-life image and sequence data

Solving Ordinary Differential
Equations with MATLAB

=3 o

R View/Share Certificate

Course Certificate
View/print certificate

Share certificate:
m “ C:? shareable link

Progress Report (includes chapter details)

View/print progress report

Introduction to Linear
Algebra with MATLAB

Introduction to Statistical

Methods with MATLAB Share progress report:

C‘? shareable link

Use MATLAB ODE solvers to
numerically solve ordinary differential
equations.

\Jse mairix methods to solve
systems of linear equations and
perform eigenvalue decomposition.

Get started quickly with basic
descriptive statistics and data fitting

(==



https://matlabacademy.mathworks.com/

4\ MathWorks

Quadcopter with Pendulum Simulation - Modelling Part 1 {Deve'op Understanding of]
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How to keep students engaged during lectures?

Live Scripts
Interactive executable notebooks with code, text,
figures, outputs all in a single document. Students
can experiment with parameters and see the
results immediately in the same document

LIVE EDITOR INSERT VIEW
: = E] Task » =| & RunSection e
P GoTo ~ = - = P o
. =2 Control « E’_}} Run and Advance
Q Find ~ < Text i Section - Run Step
«&| Refactor v Bresk [E RuntoEnd -
NAVIGATE TEXT CODE SECTION RUN

TunePIDControllerUsingLiveTask mix

Tune PID Controller

pidController|,(pidInfo| = Pl controller in Parallel form tuned for model discreteModel with response time of 1.5 seconds

~ Select plant

Plant | discreteModel v

~ Specify controller settings

Form |Parallel ¥ | Degrees of Freedom |1DOF v | Controller Type [Pl v

~ Specify system performance goals

Domain | Time v << | | | == 15

02 Response Time (seconds) 2

| | | o8
0 Transient Behavior 0.9

» Specify optional parameters

~ Display results
Qutput Plot Step Plot: Reference tracking v System response characteristics

Baseline controller | None v

Tune PID Conftroller from Measured Plant Data

MATLAB Apps
Built-in or customised user-interfaces that allow
students to interact with the material and
develop an intuition before getting into the
specifics of equations or algorithms.

4\ Classification Leames - Scatter Plot - o ®
CLASSIFICATION LEARNER
£y = = A 5 F4l . I E Fd =
I N B B @ |l =3 = L & ¥
Mew | Feature PCA  Misclassification Linear Quadratic Al Optimizable Advanced | Use | Trin  Scatter Confusion ROC Curve Parallel Min Classification  ExportPlot Generate  Export
Session ™ Selection Costs Diseriminant| Discriminant Discriming.. Disoiminant Parelled Plot Mt inates Plot Error Plot Figure Function Model ™
FULE FEATURES OPTIONS MODELTYPE TRAINING mOTS EXPORT
Data Browser & Scatter Plot ROC Curve Confusion Matric Parallel Coordinates Plot
 Histary
istory Prat
11 Tree Accursey 94.0% 4 Predictions: model 1.4 RELwlc{SEN] O pat
Last change: Fine Tree 474 festures 45| o
. (8) Moge! pradictons
12 7 Tree accurscy. 94.0%
Last change: Medium Tree 474 Testures . ® Carect =]
13 ;7 Tree Accursey. 94.0% - X Incorect =
Last change: Coarse Tree 474 feslures 4 .
a
Predicto
14 Linear Discriminant Accuracy: 98.0% . etors
Last change: Lingar Discriminant 4/4 features - - X |SepalLength ~
. s
15 Quadrafic Discriminant Accuracy: 97.3% . .e V- | Sepahticth ~
Last change: Quadratic Discriminant 414 festures ash dee -
16 Naive Bayes Accurscy 94.7% = * & sse . &
Last change: Gaussian Malve Bayes 44 festures g . . Bacs e
17 - Naive Baves Accuracy: 96.0% ] bl B * M * Show Order
Last change: Kemel Nalve Bayes 4/4 features E . == .. = [ s
= 3 e voe L S S ve B ersicaor
18 7 s Accurscy: 96.7% v . es Lesses|s s
¥ Current Model - eexen -
- . . .
Model 1.4: Trained ¢ s
25} . .o .
Results .
o a
Accuracy 98.0% . . . -
Total misclassification cost 3 . w
Pregiction speed ~6400 obs/sac
Training tme 11272 sec 2 i\
Model Type 4.5 5 55 6 85 T 7.5 8 How to investigate features
Praset Linear Discminznt Sepallength
Covariance structure: Full v
Data set: fishertable Observations: 150 Sze: 24 kB Predictors: 4 Respense: Spedes Response Classes: 3 Validation: 5-fold Cress-Validation

Machine Learning model for classification
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Quadcopter with Pendulum Simulation - Modelling Part 2

Implementation of Euler-Lagrange with blocks in Simulink

'i bh_compare_hand_to_SM_guad_pend/Hand_derived_model - Simulink — O X

SIMULATION MODELING FORMAT

Stop Time dg @ [ID - ﬁ @
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EII:ZI T Open ~ G
New & save ~ Library e S Signal v l—NormaI - Step Run Step Stop Data Logic M
~ B4 Print v  Browser 2ignals G Table E@ Fast Restart Back ~ - Forward Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS a
!g <« 4 Hand_derived_model »  Propellers * EYES_SIMSCAPE *  CONT_SYS Force_Moment CMDS *  EYES_PROP_and_VEH * EYES_LAGRANGE *  COMPARE_SIMSCAPE_vs_LAGRANGH P
H bh_compare_hand_to_SM_quad _pend P @Hand_derived_n’ndel (COMPONENT_MDL_Lag_QUAD_and_PEND_with_spin_rotors) P v
3| —
=
CE|
SIGN_CONVENTIONS
&=
O
Ve
Xe
phi_theta_psi
DCM_bRg
Vb
wb_pqr VEH_and_PEND_BUS
DOT_wb
Ab
wMOT _signed DOT_phi_theta_psi
pend_bus
bh_6DOF_and_pend
«
Ready View 1 warning 132% ode23t
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How can students can access MATLAB & Simulink remotely?
How do | share the scripts and models with students?

= Students and Staff have access to MATLAB for free Access MATLAB and Simulink Online

4\ MATLAB Online R2020a x
> & matlabmathworks.com -
HOME PLOTS APPS LIVE EDITOR INSERT VIE ~  Martina ~
] - 1 Z J L t
MATLAB Diri N New N ) Import  Clear  Favorites  Clear Simulink | ENVIRONMENT | RESOURCES
I’IVE Script  Live Script = Data rkspace = = Commands ~
FILE VARIABLE CODE SIMULINK =
¥ I » MATLAB Drive > -
| * CURRENTFOLD.© |:] broadcast sxample.mix x|
= 09 o | e =
| ® 1 a=magic(6); —
’ 2 b =5; 5
[ v;g 3 ¢ = "hello” ¢ = "hello” E
» g DataAnz - a t= [@:1:10];
| »
|

Get Campus
Software

You may already have free access
to MATLAB through your school.

Check for access

Campus-Wide Licence Sync and share your MATLAB code and i -
Download MATLAB on Simulink models with MATLAB Drive |
your PC using your e 0

University email address

Possibility to use Source
Control (e.g. Git, SVN) on
MATLAB Desktop

hccess waTLAB e |~ Learn and practice
= anywhere, anytime!

— 14



https://www.mathworks.com/products/matlab-campus.html
https://matlab.mathworks.com/
https://www.mathworks.com/products/matlab-drive.html
https://www.mathworks.com/products/matlab-mobile.html

QuadCOpter W|th PendUIlJm S|mU|at|On = COﬂ’[FOl DeSign [ Technical concepts

X X
e=ry -
r - Integrator — -K ——{ sys
LQI control

= Linearize the model
— 4 Inputs
— 3 Outputs
— 18 States
= Discretise
= Set weighting matrices Q and R

4 =

State-space equations

dx
— = Ax + Bu
dt
y =Cx+ Du

State-feedback control

u = —K [x; x;]
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How can | assess my students and build their confidence with

Immediate feedback?

MATLAB Grader: a tool to save time grading MATLAB

ONTENTS Close

code and provide immediate feedback to students

Creation and sharing of MATLAB-based

assignments
A library of re-usable examples

Autograded student solution with custom

scoring rubrics

View student performance analytics at

the individual and aggregate levels

Learning Management System

Integration with Campus-Wide Licence

i Reorder Content

~ System Dynamics and Control
Linearization of a Function
System Identification
Car Suspension Step Response
Bode Magnitude Plot

Frequency Response of a Second-

Stability of a Feedback System
Generating the Root Locus
Design a Pl Controller

Design of a Lead Compensator using
Frequency Response

ADD PROBLEM

grader

MATLAB Grader Martina Sciola ~

Courses & Content  LMS Integration =~ Documentation & Support «

Control and Dynamics » System Dynamics and Control >

Design a Pl Controller (DRAFT) Actions =

Choose Different Problem

required fields”
Title @

Design a PI Controller

Problem Description and Instructions' @

T T ¢

In this problem you will write a function that designs and returns a PI controller for the system illustrated below:

R(s) . _E(s) K; 1 Y(s)
1% s Ts 11

It is desired that the closed-loop peles have real part less than -a and imaginary part greater than b (or less than -b). Your function should
late by adding
| are placed in the

Assessment: 0 of 2 Tests Passed

(o] o (G ©

> €3 Does the function return valid outputs for the given test inputs? (Pretest)

The real parts of the closed-loop poles are not less than -a.

Hint: Since the closed-loop transfer function is second order, the desired closed-loop poles will be a complex-conjugate pair. Choose
the desired real and imaginary parts of the closed-loop poles to place them just inside the desired region.

€ Does the function return valid outputs for randomized inputs?
The real parts of the closed-loop poles are not less than -a.

16
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Simscape Multibody: multibody simulation environment for 3D mechanical

systems and integrate with hydraulic, electrical, pneumatic, and other physical

systems
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Develop Understanding of]

Quadcopter with Pendulum Simulation - Modelling Part 3 [

Technical concepts

Multidisciplinary projects can Control Em' iy
speak the same language!
Electrical

Plant Modelling

(

= Simulate in a virtual environment

= Test the model under indefinite number of conditions

Industry Academia

Model-Based Design Virtual and Remote

Laboratory

Math

MATLAB
Simulink
Symbolic

Math

~

Derivation

Commercial
CAE

Simscape
Multibody

Comparison
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https://www.mathworks.com/products/simmechanics.html
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Quadcopter — Code generation and deployment

Technical concepts )

Easily and quickly generate code and deploy it to target hardware with Code

. Plant Modellin
Generation! 9
https://www.mathworks.com/hardware-support/home.html

&MathWorkS' Products Solutions Academia Support Community Events Get MATLAB @ - C/C++ ( Ma‘th \ (CommerCIal
Hardware Support : Derivation CAE
Overview  Search Hardware Support  Request Hardware Support § Tral software &, Contact sales HDL
- =« PLC MATLAB
‘ . Simulink Simscape
- See complete list of Symbolic Multibody
Code Gen Toolbox Math
here! (N / J

Connect MATLAB and Simulink to Hardware

Q

— Explore hardware by vendor —v

{ Comparison ]

Popular: ARM, Arduino, Intel, National Instruments,
Raspberry Pi, Xilinx, Android, STMicroelectronics, Keysight

Control System Design

PX4 Autopilots Support fr;m Embedded Coder

Automatically build and deploy flight control algorithms to the Pixhawk Autopilot using Simulink and
Embedded Coder

Code generation for
Parrot Drone Support from MATLAB deployment

Parrot Minidrone Suppaort from Simulink

Live Data Streaming Generating Code and

18
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How to include data collection experience in remote teaching?

= Low-cost hardware at home (i.e. Arduino,
Raspberry Pl)

= Share protected Simulink models, where
students provide inputs and gather output
without having access to the details of the
model

Thingspeak: loT analytics platform service that
allows you to aggregate, visualize and analyze
live data streams in the cloud.

Experience from Prof. Yossi Chait at

University of Massachusetts Amherst

DATA AGGREGA‘I ON
AND ANALYTICS
C1ThingSpeak

MATLAB

h » | 2anl

SMART CONNECTED DEVICES g ;[

ALGORITHM DEVELOPMENT
SENSOR AMNALYTICS

)) ))!)) *)
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https://www.mathworks.com/matlabcentral/discussions/distance-learning/132304-on-the-transition-from-physical-to-visual-labs
https://thingspeak.com/

Virtual Laboratories with MATLAB and Simulink

Path Planning and Motion Control with State Machines using Stateflow

3 stated e
File (& Srrndy filde View Vi L -' 2, 3 9 < 3 B, 9 "*
- - 1w (N B | (& - - hometc vy vJdm a2 dd e @Al
g y : L] ] | | |
Craer
© P nerscontrosysem b 83 Cortros System b )Pt Panning b T chart 'jl
@
[+
a
(=}
%
o
®
%
4
[
®
]
ight
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[after(3,sec)] m : 3;“ +0.0005: [BlueDetect == 1)
zout =-1.1;

v @ §
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Resources for Distance Learning

\'/ Self-Paced Online Trainings: browser-based interactive courses with immediate feedback

\,/ MATLAB Online/Simulink Online: use MATLAB and Simulink from the browser

\}/ MATLAB Mobile: use MATLAB from your smartphone

\_,/ MATLAB Drive: sync and share your projects

\_,/ MATLAB Grader: autograde MATLAB code and provide immediate feedback

\_}/ Thingspeak: 10T platform to visualise and analyse data

\./ Distance Learning Community: discover how academics are preparing for remote teaching

21


https://matlabacademy.mathworks.com/
https://www.mathworks.com/products/matlab-online.html
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https://www.mathworks.com/matlabcentral/topics/distance-learning.html?q=&page=1
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Other Teaching Resources

/ Live Scripts: interactive scripts with code, images, text, etc.

\/ MATLAB Apps: interactive graphic application for technical computing tasks

\/ Courseware: repository of downloadable teaching material from academics

\/ Control Tutorials: tutorials and curriculum on system dynamics and control

‘ MathWorks®  products

Solutiond Academia |Support Community Events

Academia

For Students I For Educators I For Researchers

https://www.mathworks.com/academia.html
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Key Takeaways

= Digital Transformation is

revolutionizing the industry

- New graduates will be expected to

address more complex and

multidisciplinary challenges

=  Experience with tools and workflows

used in industry make students more

hireable

4\ MathWorks

Research
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Knowledge Innovation

Curricula " Expertise

Undergraduate
Education
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Industry
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THANKS FOR YOUR ATTENTION
Any gquestions?

https://www.mathworks.com/support/contact us

. . Academia Team in ltalia
Dr. Martina Sciola

Technical Specialist Engineer for Education Dr. Stefano Olivieri Dr. Francesca Marini
msciola@mathworks.com solivier@mathworks.com fmarini@mathworks.com
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4\ MATLAB R2018b - X
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