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Design Robotic Systems with MATLAB & Simulink

German Aerospace Centre use Model-Based Design with MATLAB & Simulink

@ Perceive

T2 Platform

% Connect

‘Model-Based Design with MATLAB
and Simulink covers a wide range of
software domains needed for the
design of advanced robotic
systems. It enables the simulation of
complex mechatronic systems and
controllers, code generation for
real-time HIL testing, signal and
iImage processing, and data
analysis and visualization.”

Berthold Bauml
Director, Autonomous Learning

Robot Lab,
German Aerospace Centre
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Teach Robotic Systems Design with MATLAB & Simulink
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MATLAB EX

Challenges that instructors face today

in teaching robotics and controls courses

How to..

@ Develop a curriculum under time constraints?

@ Gauge student interest during class?

@ Facilitate independent learning?

@ Scale access to resources for hands-on learning?
@ Grade student assignments at scale?

@ Challenge students with innovative engineering topics?
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Address the teaching challenges

Today’s agenda
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Leverage ready-to-use courseware
Save time during course preparation
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Explore interactive teaching content
Controls and robotics courseware

Visit our courseware for downloadable course
materials including demos, tutorials and project-
based learning exercises:

«  Awesome Robotics with MATLAB & Simulink
e Control Tutorials with MATLAB & Simulink

 Robotics Playground

 Applied Autonomous Robots |

 Applied Autonomous Robots Il

 Mobile Robots Control

 Reinforcement Learning with MATLAB

 Electromechanical Engineering Systems

« MATLAB and Simulink ROS Tutorials

Teach with MATLAB and Simulink

_ Courseware ~ Q

Overview Teach v Learn~ Research~  Student Programs v

MATLAB and Simulink Courseware

Explore interactive teaching content and examples developed by
MathWorks and educators from leading universities.

Explore courseware disciplines v

Interactive Examples Assessments
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Fourier Analysis Kalman Filter Virtual Lab MATLAB Grader Assessment Content
Learn Fourier analysis using live scripts and Try interactive exercises to study linear and Easily start adding online assessments to
MATLAB apps. extended Kalman filter design for state your courses.

estimation of a simple pendulum system.
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Tech Talks Phase Plane and Slope Field Apps

Thinking Like an Engineer: An Active
Learning Approach, 5th Edition

Explore fundamental concepts in science, Use the Phase Plane and Slope Field apps to
mathematics, and engineering. qualitatively analyze ordinary differential
equations.

This interactive courseware is designed to
facilitate active learning for first-year
engineering students



https://www.mathworks.com/academia/courseware/
https://github.com/mathworks-robotics/awesome-matlab-robotics
https://www.mathworks.com/matlabcentral/fileexchange/67157-robotics-playground
https://www.mathworks.com/matlabcentral/fileexchange/67157-robotics-playground
https://es.mathworks.com/academia/courseware/applied-autonomous-robots-1.html
https://es.mathworks.com/academia/courseware/applied-autonomous-robots-2.html
https://es.mathworks.com/academia/courseware/control-mobile-robots.html
https://es.mathworks.com/matlabcentral/fileexchange/111460-reinforcement-learning-rl-with-matlab
https://es.mathworks.com/academia/courseware/electromechanical-engineering-systems.html
https://es.mathworks.com/matlabcentral/fileexchange/118630-matlab-and-simulink-ros-tutorials
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Reuse courseware developed by universities

Control tutorials by University of Michigan, Carnegie Mellon University and University of Detroit Mercy

Using Control tutorials students can
practice system modeling and analysis,
control design and tuning using various
examples

Run interactive control tutorials in your
browser

Check out this webinar by Prof. Richard Hill
for an overview of teaching modeling and
controls with live script control tutorials

| Teaching Control with
Interactive Live Scripts

4

4\ MATLAB R2021a - academic use
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https://ctms.engin.umich.edu/
https://www.mathworks.com/campaigns/products/control-tutorials.html
https://www.mathworks.com/videos/teaching-modeling-and-controls-with-the-matlab-live-editor-1623992486476.html

Engage your students in practical and dynamic lessons
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Teach with Interactive Scripts

Live Scripts combine text, images, equations, links, code and results

[QJFindFies . BILUM = (= 2. Equation s >
228 e G as 2 2B G LS
v v v @m “m '1 ﬁ 13 \ Break |e| Image Normal Heading Title Al Secton v
FUE | mwvewe | romwar | INSERT » TeT STYLE | RW *
=EE
I
(.. . . .
Visit the Live Script Gallery for
| SolarAnalysis.mbc 3¢ | FuelEconomy.mix* | Untitledl0.mh = | 4 | examples and Flle Exchanqe for
\community-authored live scripts



https://www.mathworks.com/products/matlab/live-script-gallery.html
https://www.mathworks.com/matlabcentral/fileexchange?utf8=%E2%9C%93&term=%22live+script%22

MATLAB EXPP

Get started with ROS and ROS2

Open and run Live Script documentation and tutorials

[ [ Sectontresk

howe|
A - BE EE SO an :
@ P 6 O/ MATLABDI » Examples » R023a » 108 » GelStedVNROSIEramgie - 5
T ——————T :
: - sk
Get Started with ROS o I 0 it Get Started with ROS 2
This example introduces how to set up ROS within MATLAB, and get information about ROS network = examoleHelperRC This example shows bow 10 set up ROS 2 within MATLAB. and get information about ROS 2 network
and ROS messages. . . . | i andROS 2 messages . . . 7
- - Robot Operating System (ROS) is a communication intarface that enables dilarent parts of a robot U ecamplaHaiperRC Robot Operating System 2 (ROS 2) is the second version of ROS, which is a communication
systemto discore sach othe, and send and receve data betwean them MATLABS suppots ROS B B i ineface ha enabies derent pat of  rbot system to discover.send.and rceive data 'R
e i vy of o tht e 04 0 change ot i RS-l hysi ot o000 ey VATLAB suppa o RS2 .y of kcions hatalows youto exchangs ot wih ROS 2
e tobotsimutorssuch a3 Gazetod cnabld physcal obots o oo simulators such s Gazebo® ROS 2 s bulton Dta Distrbution
o mat nvica (DDS) which is an end-to-end middieware that provides faatures such as discovery.
2 sanvi o2 ROS Terminology o000 . Thos fetres s wih e desgnpincio o ROS 2 ch 8
RA& + AROS natvork compries difarentparts o  obot systam(such 35  planneror s camera fhb ol ey o o o i kil i e cplom X ol DS
interface) that communicate over ROS. The network can be distributed over several machines. uses Real Time o which provides. over unreliable

AROS mastor coordinates the difrent parts of 3 ROS network s idondd by a
UR (Uniform Resource Identifier) that specifies the hostname or IP address of the machine To leam about ROS. see Get Staned with ROS.
where the master i rnving
« AROS rode eontains a coecion ol elated

and sarvces) AROS network con have mi
 Pubisnars. subscroers, and servoss ars ol - €5

network protacols such as UDP. For more information, see RTPS

ROS 2 Terminology

« AROS 2 network comprises difecent parts of | oy p——
. o $ (2Ppe L |« s interface) that communicate over ROS 2 netwt "1 S >
ivimosqmimmadipapp R 1.2 0 S .l 2 - Workspace machinas :-f"m |
=:/APIDANIA SR MANRORS 10.0 SpRchte Ml Et s | IR st = 1 3 - | ! + AROS 2 nods s an ety that contains a colle ~ JEzd =
topic receive those messages Asingletopici 1. AT an m S doned o publshers ) ARDS 2 = - 2
subscribers B OB (O MALABOme | Bampes + RX2% o1 ) GetSimdeaNBAOS E ampie ] « Pubiiahers and subocriders are difsrent kinde| -
Fies ° e o ssages S o -~ °
For more information, see Robot Operating System (f| | Gotsan exthange data using messages ) [
website | 5 o vce % Ctranty 905 Nok Rave any PUGKGners. SUDSCTIOrs or 36TV = Apubiisher seads messeges o 8 specihc oo -, [y o Gt &
eampletiepercr e " a by topic receive thase messages. There can be ! [ exampieHelperCr Initialize ROS 2 Network - - @8
T — 1 7 wramplebeier( Wy a wncle fopka (2] mamplaHalparRt Unifka ROS, ROS 2 daes nol require iniliaiization in MATLAB. The ROS 2 network automatically B
Initialize ROS Network e « ADoman s the physical segmentaton of nety B aaminamC st it crestion of modee. =
Use rozinit 1o nilalize ROS. By default rozinit & (| TP I_nod Sroun 04 Comals 00y o e Ourion 3 B eHolparRC
olobal node that i connacted to the master The globi B + Evary node in ROS 2 natwork on creation ada examgi Use rasznode 1o creste a node A
s exampleterpaR( Domain D only 2 eampleHeigerrc S
jons g e 1 TeSTL - rosznode(/rest1’) h propertics
B EamplekeperR( « ROS 2 natwork is buikt on Data Distribution Sa B Erampleneperht
* Fost s e mukiple nock Foe a8 Uss ros2 node List 1o 589 allnodss in the ROS 2 network e
. ' Middleware Impiamentations T imsanats2
e pobmod’ 15 1% a i 4 RO i e Topic: « RIPS (oot Time publshersbsctbor pokod. | g oot 2 res2 o
cinit B3 sample_os2_e g s Lo 1 sample_ros2_net '
global node created by rosinit sand messapes in unreliabla network conditor
/scan + 105 2 s ity of bty of oo 100 Use clesr to shutdown the node in ROS 2 natwoek
rosnode 145t — ety of Qually of S
Service: /add comemunication batween nades. For more infol 2 E——
Use exampletielperROSCreatesaapletietuork to po oo |
Nl —— 1 Service: [reply 2 , [ commio wwoon s examplebe Lpe-ROS2C e steSampletietnork 1o populate the ROS network with three additional
-~ s " =] " nodes wih sample publishers and subscribers.
4 exanpleneloerROSICr st esanplenstuork
|« — ‘ v Uss ros2 nede List again, and observa that thers ars thrss new nodss, node_1 node,_2. and
~ Workspace T - vienapcs
| { Topic:

 Mame Value
Use raz: 1

£ 1zt 10 see available topics in the ROS network There are four active topics: /pose.
rosout, /scan and /tf The dafault fopics: rosout and tf are always present in the ROS network
The ather two topics were created as part of the sample network

A visual representaion of the current siate of the RCS 2 network is shown below. Use & 85 a

refarence when you explors this samps network in the remainder of the xampls.
rostopic 1

Use rostop:

info ceopienae> to get specific information about a speciic topic. The command
below shows that /node_1 publishes (sends messages c, and /node_2 subscribes

(recsives massagss from) to that topic. See Exchanga D = and Subscribers for

more informagon
s rostopic infa /pose
Use rosnode info <nodenane> 1o get information about a spacific node. The command below

Inode_1
Shows that node 1 publishe: rasout 8nd /+F topics, subscribes to the /3cen topic and

provides services: Inode_tige! loggers and inode_1/set logger_level The defaul logging services Topic:
get_loggers and set_logger_avel are provided by al the nodes created in ROS network Iposs

‘o = » fecan
2 , [Commim oo s 7 r 5 73 T o :

Mot Topic

MATLAB and Simulink ROS Tutorials



https://es.mathworks.com/matlabcentral/fileexchange/118630-matlab-and-simulink-ros-tutorials

'EJZ]

Do
Do
Do

el

Teach theoretical concepts through interactive apps
This MATLAB App solves the inverse kinematics of a URDF robot model

INVERSE KINEMATICS SOLVER o
n o (& Refresh Solver Marker Body ‘
w O H & @ e é o o = ] 4
tt ( 7
New Open Save Import | Add Collision Add Edit ) olver Settings Marker o0 Check Export
Session Session Session ¥ - Object Constraint Constraint |&| Report Status Pose Constraint Collisions « -
FILE SCENE INVERSE KINEMATICS MARKER CONSTRAINT COLLISIONS EXPORT ry
¥ Scene Browser o Scene Canvas o Scene Inspector v
P
~ Robot - '@4 @ @ ®\ Q LnJ Properties
base_link il
» base e Name box
» base_link_inertia ‘ Type collisionBox
» shoulder_link 0.6 4 Box X (m) 0.50
» upper_arm_link 0.4 - Box Y (m) 0.50
» forearm_link Box Z (m) nET
ox Z (m !
» wrist_1_link 0.2+
» wrist_2_link N o
» wrist_3_link X (m) Y (m) Z (m)
20,2 -
> flange 05 05
» tool0 0.4 -
~ Scene I}
box - 064 Euler X (deg) 0
: . 2 0.8
¥ Constraints Browser o | Euler Y (deg) 0
| - Preset Constraints y =5 Euler Z (deg) 0
-1 -1
6 Marker Pose Target [Pose] 05 0.5
n n
- ! User-defined Constraints - = . . = ~
Configurations Panel o States
&, Constraint1 [Aiming]
<A
Body Collision Status
[ Store Configuration ] [ Snap to Configuration ] NOT RUN
Configuration |[Collision Status |Value Known Collisions
2 |middle PASS [2.2567 -0.95713 0.72625 0.23088 2.2567 -4.3355e-06]
3 goal PASS [3.0004 0.46806 -0.7983 -2.039 4.6452 -2.4508]
[ a—
7

How to resolve constraints

I4

Current Configuration: Not Stored <[-1.87 3.97 0.00 -2.83 2.34

.

Try the Inverse Kinematics

Designer MATLAB App!

12


https://www.mathworks.com/help/robotics/ref/inversekinematicsdesigner-app.html
https://www.mathworks.com/help/robotics/ref/inversekinematicsdesigner-app.html
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Reuse apps developed by universities
Control apps created with MATLAB App Designer

Controls apps by RWTH Aachen University allow

students to study control design and frequency

response analysis using Bode and Nyquist plots on

mass-damper and inverted pendulum systems

ey Einmassenschwinger mit PID-Regler _ XH
it =200 [ 9= 3600 Abweichung (bei t=3.22) Sollwert Ll}
l_ | e=0.00 w=-0.14
=07
L Fls)=1 F=21 I | Fls)=3n [ Stop ‘ -
( f(t)=10 ] f(0=2"100 1 ( f()=3*110) ‘ . 2
‘& Fls)=1s ’ Fls)e2%1/s ’ Fls) w35 )

Modus

(") ohne Regler (®) geregelt

[ PAnteil | | LAnteil | D-Anteil |
Kp 174 N/m  Ki=200 N/m/sec  Kd= 17N sec/m

r i

IIIIIIIIIIIIIIIIIIIII |IIIIIIIII|IIII|IIII| IIIIIIII!II!IHIIIIII 100 -
= 0.00
£ Z.-1.00}
2,00t
T 2 ‘% 4 BT 05 1 15 2 25 3
—LF t [sec]
i g — Auslenkung
—= -l E o010 | ' ' ' ' '
5 ’ 1 e e e
- B=— = o.1ow/¥* =]
" 5 0281 i ] ! ] :
—=F 0 05 1 15 2 25 3

Controls apps by University of Sheffield allow

students to study dynamic system behavior

MATLAB BEXP

and PI

control design using mixing tank and cruise control

examples

Y MATLAB App

- . - T ©

Control parameters: M(s) = Kp + Ki/s

Proportional (Kp) 1 o [T .

o X

University of

Sheffield

02 04 06 08 1

Integral (Ki l UG (LU LD
=gl (KD 004 008 012 016 02

L e ———
30t /’/’/—/—/7
___'.._. »

Mass (M) | | €2
200 abo eb0 800 1000

Friclion(B)é)'l'l'l'!'l 0

! L L s ' L s
100 200 300 400 500 0 2 4 6 8 10 12 14
time (sec)

Throttle
14
— — — target
12F M=500,8=
X =

M=5008=

M =3800,8 =

200, Kp=02 Ki=0.02
200, Kp = 0.33, Ki = 0.02
200, Kp = 0.33, Ki = 0.054

Disturbances Horizontal slope

Short or long

tiescale Step in target v ‘ 4

13


https://www.irt.rwth-aachen.de/cms/IRT/Studium/Downloads/~jshdq/Virtual-Control-Lab/?lidx=1
https://controleducation.sites.sheffield.ac.uk/matlabresources/community-control-toolbox
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Access tools and files everywhere
MATLAB & Simulink in the cloud

Run MATLAB and Simulink in your
browser with MATLAB Online and
Simulink Online

Run MATLAB in your mobile
devices with MATLAB Mobile

Collaborate and provide cloud
storage for sharing course material
using MATLAB Drive or GitHub

MATLAB & Simulink

Explore MathWorks cloud resources

MATLAB Desktop
Online

MATLAB BEXP

MATLAB Mobile

'. MATLAB

Drive
\2 Connector
-

&

MATLAB Drive

(2]
&2 60

Cloud based Share

]

(L0

Up to 20 GB

14


https://www.mathworks.com/products/matlab-online.html
https://www.mathworks.com/products/simulink-online.html
https://www.mathworks.com/products/matlab-mobile.html
https://www.mathworks.com/products/matlab-drive.html
https://www.mathworks.com/products/matlab-online/git.html
https://es.mathworks.com/solutions/cloud/resources.html
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Facilitate independent learning for students

Complement in-class instruction with self-paced trainings and educational videos
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Get started with MATLAB & Simulink for robotics and controls

Free self-paced online courses

MATLAB Onramp

14 modules | 2hours | Languages

Get started quickly with the basics of
MATLAB.

Simulink Onramp
14 modules | 2hours | Languages

Get started quickly with the basics of
Simulink.

Control Design Onramp with

Simulink
7modules | 1hour | Languages

Get started quickly with the basics of
feedback control design in Simulink.

Reinforcement Learning

Onramp
S5modules | 3hours | Languages

Master the basics of creating intelligent
controllers that learn from experience.

Visit the self-paced courses page!

Machine Learning Onramp
6 modules | 2hours | Languages

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

Deep Learning Onramp
Smodules | 2hours | Languages

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

Computer Vision Onramp
6modules | 2hours | Languages

Learn the basics of computer vision to
design an object detector and tracker.

Image Processing Onramp
6 modules | 2hours | Languages

Learn the basics of practical image
processing techniques in MATLAB.

MATLAB BEXlPO

16


https://matlabacademy.mathworks.com/

MATLAB

Solve practical exercises and complete projects

Free self-paced online courses

 EXIT COURSE Introduction to Symbolic Math with MATLAB (3% complete) Jennifer Joana Gago Muiez & @

E Review Project | > Robot Arm - Visualizing Motion < Previous | Next >

Robot Arm

L]

@\ MathWorks: | Training Services

4\ MathWorks | Training Services

Progress Report

Name: Jennifer Gago Munoz
Course:  Deep Learning with MATLAB

Progress:  100% complete (as of 03 March 2021)

Course Completion Certificate

Jennifer Gago Munoz Chapters
1. Classifying Images with Convolutional Networks 100%  12. Sequence Classification Project 100%
2. Interpreting Network Behavior 100% 13. Conclusion 100%

3. Creating Networks  100%

4. Training Networks  100%

5. Improving Performance 100%

6. Spectrogram Classification Project 100%

7. Performing Regression 100%

8. Using Deep Learning for Computer Vision 100%

9. Classifying Sequence Data with Recurrent Networks  100%
10. Classifying Categorical Sequences 100%
11. Generating Sequences of Output  100%

has successfully completed 100% of the self-paced training course

Deep Learning with MATLAB

w
tes /. DA~

03 March 2021

Release: R2020b | Language: English

17
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Find relevant robotics and controls examples

R g Free self-paced online courses

4\ Stateflow Onramp - o x

B Frotect - Robotic Leg Control > Rabotic Leg Control Project (Project Overview) - PREVOUS | NEXT S A 0
Rebotic Leg Modsling and Contrl - image Processing with MATLAB. x tateflow Onramp (% complete) Jennifer ¢

B siing mages Fods B Project - Robotic Vacuum Driving Modes > Project - Robatic Vacuum Driving Modes (Introduction)

Sigue Practicando \VE EDCR
Background e B T - ) B [ @ Rt - D [ Sectiom breat - 4 PREVIOUS | NEXT = o
You have st Ismed how ko automascalynesrze 8 S model,and s & PID contrllrfor te nel (TR PEm PR e | = mrom | B B B Qe P ® Robot Vacuum Driving Modes
{his project, you wi obtain an LTI sstimetion of & robatic leg and design & PID contraller o control s motiof | A9 = B8 "™ = 3B ™ g o b Sies
e robotic leg can e Modsied a5 & Simple pendum, pivoling 3t e hip joint Lt Deep Leaming with MATLAB (1% compies

e i1 o o

Teatheg i

1 e 2 o cpen the Regiszation Essmanze Ace.
Yo can mave and resize the app 50 you can see
thesz rairustions,

=]
Detecting Movement with the Registration ESimator aetividad 1

Load S imagos af a bird house

s with common functionality. In this

B seronmen > e jotic vacuum that you previously
" &% Rur ard Advarce

1 Loas ming anc o amsges o the Actividad 2
e

b =7 - mglsing Fined = inresd("earlyND. jpg"

I takes about ten $ecands lo delact an image on a CPU

e ) Roan Sectior N R Sep ie robot's instructions for each of these
2 Try differemt methods and adjust feature 50 the bounding boxes, scores, and labels have been i runtoeng =
arametrs unl you e SatSTed mih the precomputed for sogin - oo sicre "
o ihe wgisiaion 1 Gofeckdtect
- . A T The outout labei from detact i 8 calegoncal amay. You x
T e e e R can ulsms 1881 Wi insertdtjectamotation 10 YOLO Object Detection
— o} 8. Fram the Export menu, genershe 8 funcin o his vy ]| S D g Instructions are in the task pane to the ke Complate and submit sach task ons at a tims.
~/ egsiran and ok at e peneraies cade = =L insertbiectinnototion(in, rectangle’,... pattern. These can be implemented as
1 ooar, LaveLs) T o lons b ke st and e sired to implement each behavior. For
T is code loads the previeusly Wrained netwark and the fest images
| Anferencia ipida o curso = 1 tusing pure rotation, drive using pure
1 ACTIVIDAD 1 load pathTolmages
! Ad the bounding boxes @box and the labels dlabel 2 testinds = imageDstastore(pathiolnages);
— 1 1o he dog image. Name the oulput setecteddogs : montage(testInds)
Then display fhe annatated image Task 1
actvians 1 + dogin = readinage(testings,1);
] eemacn oo Pista | Ver Solucian | Reiniciar =
o Cotenm oot resis 3 mary e o ey Retoroncia rapida dol — =
s T B s sy Project - Classify Robot Navigation
” - This code uses detector to defect pet faces in dogin
- B ~@i. | Actvidada
e oy sdaned Identifying the Row with the Most Strawberries E - oo, dscore, dlabel] - setectioetector, dogtn) i i .
N H ctividad 4 In this project, you will classify robot sensor data using a long shart-term memory network.
R —— e ar o sk pane ot . Compite 3 st o ek o o v ol
Actividad § s load dogResults dbon dscore dlabel
LT . 7 b Overview
Actividad 6 . i
3 == . s aabel ) )
1 e Adtvid This data set consists of two numeric sequences and one categorical vector. At every time step, there are two sensor
: o - o Sigue Practicando measurements and a class label indicating which direction the robot should move. There are four classes:
H Task 2 « move forward
- « slight left tum
1 « slignt right turn
« sharp right tum
' [ & e = p— D @
Teat BRR |, oy, O hmmtdene |
BAR 6 un s enc -
h rrrere———r—
Robot Arm Rotation Angles S am o -
Instructions are in the task pane ta the leR. Complete and submit each task one af  fime - » -
k) r—
This cod dsfines fx and fy as functions of 0, and 6
) 1 syms thetsl theta2
= 2 i {thetal, Ehetad) = 2ocm(thetatvtirtad) + dScas(thetal) K
s fy(thetal, theta2) = 2*sin(thetalsthetad) + 4°sin{thetal) )
s Task 1
e Dot s ra e vaoon e | xps = fx(pL/B,pi/6)
angudar volocity. Thesa wil be pessed fa e Smulnk 5 VPos = Fy(pi/s,pife) |
model o g oo In pur rtaten, you wil sl veocly p
+, %20 and anglar ety . 1. In ;g it
e o e, W sl i
° Task 2
THEK 7 xposn = double(xpos)
1 Add sl antry sctens 12 Peesbetate 5 R AL )
PuraTranslate, and Stes asat®e .
ks b v and g s
2 Dol he scopo o+ and w 50 hat ey can
£ passoa o the Semuar macke
3 800 wmtry Be30n10 S Ston SR 10540 Task 3
Poaitionbeached 5 1
1 assume([thetal theta2] >= 8)
1 essumealzo([thetal theta2] <= pi)
Task 4 A robot is navigating & room in & clockwise direction using ultrasound sensors. The
- robot should follow close to the wall, without collisions.
1 [ —
Task 4 " -ty
o T Wed T— 1 fthetan thetazl) The goal of this network is fo use measurements from these sensors to determine what
etslsol,theta2sol] = solve([eax eqy], [thetal thets
— 1o action the robot shouid take next. -
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System Identification

(® watch videos (4 videos)

MATI

Supplement your teaching of engineering concepts

Tech talks help students gain intuition into
complex engineering concepts with easy-to-
understand examples

MPC can handle constraints.

Visit the MATLAB YouTube channel and Control Systems Tech Talk Library for existing and new videos!

4

7y
Controller

Learning-Based Control

//Lem Y A
Z //
A

\

Fuzzy Logic Robust Control Understanding PID Control

(® wWwatch videos (7 videos)

Control Systems in Practice

Understanding Model Predictive
Control

Understanding Kalman Filters

® Wwatch videos (4 videos) ® watch videos (3 videos) ® watch videos (5 videos)

(® Watch videos (14 videos) (® Watch videos (7 videos)

(® Wwatch videos (9 videos)

X = Ax + Bu
y=Cx+ Du

Hem s

(® Wwatch videos (4 videos)

N

Autonomous Navigation

State Space Understanding Bode Plots

Reinforcement Learning

Drone Simulation and Control

Trimming and Linearization

Understanding Control Systems Using Bode Plots

® Watch videos (7 videos) ® watch videos (2 videos) Learn the fundamental concepts of

navigation for autonomous systems.

® Wwatch videos (5 videos) ® Watch videos (6 videos)

(® Watch videos (4 videos)

® Wwatch videos (5 videos)
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https://www.youtube.com/c/matlab/videos
https://www.mathworks.com/videos/tech-talks/controls.html

Scale access to resources for hands-on learning

Build virtual and low-cost hardware labs

K

Laboratories

Y

\

Evaluation

~ ™
Student Programs

s

MATLAB BEXlPO
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MATLAB

Inverse kinematics of a two-link robot arm:
gLy, Lo, 01,05) = Ly cos(O) + 0y) + Ly cos(6)
YE(Li, L2, 04, 00) = Ly sin(0y + 02) + Ly sin(0))

¥

% Symbolic variables for the end effector kinematic
syms L_1L_2 theta_1 theta_2

% End effector as function of 4 parameters
XE - L_2"cos(theta_i+theta_2) + L_1*cos(theta 1)

£ = Lacos(0y +0p) + Ly cos(0)
YE = L_2"sin(theta_istheta_2) + L_1*sin(theta_1)

¥E = Lasin(@ +09) + Lisin(01)

. o
+4 ﬁ»; e
=-'4

o

Once you know the length of the links, the equations become easier
Ly, Ly = xp(04.05)
Ly, Ly = yel01.0)

% End effector as function of 2 paraneters
#xE(theta_1,theta_2) = subs(xE,[L_1 L_2],[4 2])

FuE(theta 1, theta 2) = 2cos(0) +02) +4 cos(@1)
FyE(theta_1,theta_2) = subs(yE,[L_1 L_2],[4 2])

#yE(theta L, tneta 2) = 2sin(0) +0%) + 4 sin(n)

Build a virtual lab from written notes

MATLAB, Simulink and Simscape help you design practical applications based on core concepts

__—end sffeciar

Simulink

Inverse Kinematics of a 2-link Robot Arm
version 1.0.0 (2.29 MB) by Mihir Acharya

Calculate and visualize the inverse kinematics of a 2-link
robot arm along with the Jacobian, and make the robot to
write Hello.

@

2.3K Downloads @
Updated 11 Jan 2019
View License

Download this example from File Exchange!

Simscape

-Corwert XY_DOTto THETA_DOT to THETA:

4 reon
COND

WATLRE Fundwon

o XY Plot ey s
R B
6308 E0O G eemae oo o] E)  SHAL LS @ aAman

14

12

1 S

MATLAB EXIPO
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https://mathworks.com/matlabcentral/fileexchange/69892-inverse-kinematics-of-a-2-link-robot-arm
https://mathworks.com/matlabcentral/fileexchange/69892-inverse-kinematics-of-a-2-link-robot-arm

Automated driving

RoadRunner

Simulate multiple virtual environments

Virtual labs using Simulink with additional tools

VR environments

Co-Simulation

MATLAB EXPC

Digital twins

Simulink 3D Animation

Gazebo

300 866

-

Quanser Labs

22


https://www.mathworks.com/products/roadrunner.html
https://www.mathworks.com/products/3d-animation.html
https://www.mathworks.com/help/robotics/ug/perform-co-simulation-between-simulink-and-gazebo.html
https://www.mathworks.com/matlabcentral/fileexchange/123860-quanser-interactive-labs-for-matlab

MATLAB

Use virtual labs based on physical models
Simscape-based labs by MathWorks

This Delivery Quadcopter example shows how to model Kalman Filter Virtual Lab contains interactive exercises for
the control, mechanical and electrical systems of a UAV. students to study linear and extended Kalman filter design

*Solutions available upon instructor request.
Contact us at onlineteaching@mathworks.com

23


https://github.com/mathworks/Quadcopter-Drone-Model-Simscape
mailto:onlineteaching@mathworks.com
https://www.mathworks.com/matlabcentral/fileexchange/105525-kalman-filter-virtual-lab?s_tid=ta_fx_results

0 | Ew | S|

MATLAB EXIPO

Reuse virtual labs developed by universities

Simscape-based labs by Kennesaw State University

Vibration and control virtual labs provide various virtual mechanisms that students can use to
study topics such as free and forced response of multi dof systems, mode ratios and pid control

Download vibration and control virtual labs and supporting curriculum materials

PID Controlled disc Mass-spring system

PID Ball control

24


https://www.mathworks.com/matlabcentral/fileexchange/111285-virtual-laboratory-for-undergraduate-engineering-courses?s_tid=FX_rc3_behav
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Connect MATLAB & Simulink to hardware

Check our hardware support page!

Hardware Support

if inp >=1

out = K*inp; E: T
elseif inp < 0 Proportonsl Gain \
out = 0; > O _4II_ﬁEI_++ \
else
out = 1; ) o]t
end Fereoup —
MATLAB Simulink

Automated code generation
Coder/Embedded Coder (C/C++),
HDL Coder, PLC Coder, GPU Coder

MATLAB BEXP

Saturation

25


http://www.mathworks.com/hardware-support
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MATLAB BEXlPO

Use low-cost hardware for project-based learning

C01_Kinematics
C02_Math_computations
C03_Closed_|ool_control
C04_Model-based_design
C05_Simulations
C06_Robot_movement
07 _Differencial_drive
C08_Path_following_algorithm
C09_lmage_processing

C10 Wireless_networks
C11_Coordinate_geometry

C12_Tngonometry

Arduino Engineering Kit curriculum by Mondragon University

Self-balancing motorcycle Drawing robot Autonomous rover

e

4\ MathWorks

File Exchange

MATLAB Central +  Files  Authors = MyFile Exchange +  Publish ~ About

MmN ARDUINO-ENGINEERING-KIT

Mondragon  Faculty of version 1.0.1 (78.5 MB) by Gaizka Bellido Sanjulian
Unibertsitatea Engineering

4\ MathWorks-

( Download this example from
L GitHub or File Exchange!

26


https://github.com/MU-MATHWORKS/
https://www.mathworks.com/matlabcentral/fileexchange/112560-arduino-engineering-kit

Assess learning at scale and get immediate feedback

Preparation

)
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Laboratories

Y
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Auto-grade assignments

MATLAB EXIPO
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MATLAB EXF

Auto-grade student work with MATLAB Grader

System Dynamics and Controls Problem Collection

LAB SESSION 1 — CONTROL ENGINEERING |

PI CONTROLLER DESIGN WITH MATLAB

In this preblem, you will write a function that designs and returns a Pl controller for the
system illustrated below:

It iz desired that the closed-loop poles have a real part less than -a and an imaginary part
greater than b {or less than -b). Your function should accept the two parameters, a and b,
as input, along with the first-order plant time constant, T. Modify the sclution template by
adding fo pute the proporti and integral control gains, Kp and Ki, from so
that the poles of the closed-loop system lie in the shaded region of the complex s-plane
shown below:

)

The function declaration is given below.

function [Kp,Ki,wn] = PIcontrol{a,b,T)

Kp = ;
Ki=;
end

Code is also provided to test your function:

a=5;
b=7;
o

Design a Pl Controller -

in this problem you will write a function that designs and returns a Pl controller for the system ilustrated below:

(263}

R(s)
50

The funcs

=claration has been provided for you in the solution template. Code has also been provided to test your function in the ‘Code to call your function” boe.

Function @ (PReset @@ MATLAB Documentation

functicn [Kp,KL,wn] = PIcontrol{a,b,T)

4 ¥p =
B[ KL =

&| end

Code to call your function @ C Resat
1a-=s5;

2{p=7;

T=1;

3| [Kp,ki,un] = Pleentrolia,b,T)

Use MATLAB Grader and

explore the problem collection! J
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https://grader.mathworks.com/
https://www.mathworks.com/products/matlab-grader/assessment-content.html

MATLAB BEXlPO

Integrate MATLAB Grader with your LMS

Interactive homework on Moodle, Blackboard, Canvas...

—
Q A @ JenniferiosnsGago 2

7 Proyecto glossalAB

ool Ergieatn . Create interactive course
B MATLAB Problem FINAL o Repors  Chaose ilerent Proviem ) assignments

Il 7he probiem is saved as Final. it is now visibie to leamers when the course section is published. To edit this problem, click Set to Draft

Title' @

— Problem Description and Instructions” @ @
painomst +B I U M E £ 3 =ex
cove wses

In this problem you will write 3 function that designs and returns @ P controller for the system Hlustrated below

Automatically grade student
. o P g work and provide feedback

It ks desired that the closed-loop poles have real part less than -a and imaginary part greater than b (or less than -b). Your function should accept the two parameters, a and b, as
input, along with time constant of the first order piant, T. Modify the solution template by adding formulas to calculate the proportional and integral control gains, Kp and ki, such

- | G

Grade item Calculated weight Grade Range Run your aSSignmentS in any
B8 Grades . e gomtas learning environment

s Linear Algebra

= Digital Signal Processing

0-100
4 Physics 0-100
44 Digital Signal Processing 0-100
i Curso “Enseiia con MATLAB" (2h) 0-100

ﬁ L Integrate MATLAB

i Course total

Weighted mean of grades. Include empty grades. ’ i o0 G rad e r Wlth yO U r L M S
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https://www.mathworks.com/products/matlab-grader/lms.html

Challenge students with innovative engineering topics
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MATLAB

Encourage students to put their knowledge to the test
‘Eﬂ Robotics Robotics competitions supported by MathWorks

+ Brain-Computer Interface

European Rover Challenge Formula Student

+ Collegiate Wind Competition
+ European Rover Challenge
*  FIRST Robotics

- Intelligent Ground Vehicle
Competition

+  Korea Semiconductor Design
Challenge

+  Micromouse Contest

+ National DD-Robocon

+ Pan-African Robotics Competition
* RoadZ2FEl

*  RobAFIS

+ ROBO-ONE

. RoboCup MathWorks Minidrone Competitions

* RoboCupJunior . )
Learn Model-Based Design. Show off your skills. Have fun!

+ RoboNation Competitions

* RoboRace

+ Singapore Autonomous Underwater
Vehicle Challenge

+ VEX Robotics

Visit MathWorks’ student
competitions webpage

+  World Robot Summit



https://www.mathworks.com/academia/student-competitions.html
https://www.mathworks.com/academia/student-competitions.html

MATLAB BEXlPO

Challenge your students

|deas for research projects, undergraduate/postgraduate final projects...

SIMULINK

STUDENT CHALLENGE MathWorks Excellence in Innovation Robotics Projects

< Passive Should(

Actuated Hip Joint

Actuated Knee Jc

Actuated Ankle Jo

View the 2022 Simulink
Student Challenge winners

32


https://github.com/mathworks/MathWorks-Excellence-in-Innovation/blob/main/megatrends/Robotics.md
https://www.mathworks.com/academia/student-challenge/simulink-student-challenge-2022.html

Overcome challenges in teaching robotics and controls
Try these MATLAB & Simulink based tools

(

Preparation

Courseware

\

\

Laboratories

Virtual labs
Hardware support

J

2 N
Lessons
Interactive notebooks
Cloud resources
Apps
" _J
2 _ N
Evaluation
Auto-grading
" >

2 N
Study
Self-paced online trainings
Tech talks
o S

~
Student Programs

Competitions
Innovation Projects

\

MATLAB BEXlPO

33



MATLAB BEXlPO

Build practical engineering skills with MATLAB & Simulink

Mondragon University use Project-Based Learning to teach robotics and controls

“Campus-wide access to MATLAB and
Simulink enabled us to develop and
implement an educational model
founded on practical, project-based
learning that helps students go from
merely knowing engineering concepts to
knowing how to apply them.

Companies that use simulation already
and companies looking to lower costs by
introducing simulation recognize the
benefits of hiring graduates who have
practical experience with MATLAB and
Simulink.”

Carlos Garcia
R&D Manager, Faculty of Engineering
Mondragon University
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MATLAB EXJ

Get started quickly with these teaching resources

Call-to-action

Learn more about teaching tools and resources 2. Visit courseware site for teaching materials
Complete the “Teaching with MATLAB” course For controls and robotics

Teach with MATLAB and Simulink

MATLAB and Simulink Courseware

Teaching with MATLAB

Engage your students and scale your instruction
with online learning tools from MathWorks.

Email us at academicsupport@mathworks.com

[ Contact MathWorks for curriculum development ]
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https://www.mathworks.com/learn/teaching-with-matlab.html
mailto:academicsupport@mathworks.com
https://uk.mathworks.com/academia/courseware/search.html?q=&fq%5B%5D=courseware_discipline:support/control-s214&page=1
https://uk.mathworks.com/academia/courseware/search.html?q=&fq%5B%5D=courseware_discipline:support/robotics-1508&page=1

MATLAB EXPO

Thank you

¢) MathWorks' Join other sessions and demos:

- Interactive Learning with MATLAB Apps, Live
See mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be SC” ptS and MAT LAB G rader

© 2023 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc.

trademarks or registered trademarks of their respective holders.

- LMS-Based Teaching Tools for Educators
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