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Our Products

| Mechanics Explorer-youBot Arm

MATLAB?®, the language of engineers and scientists, is a
programming environment for algorithm development,
data analysis, visualization, and numeric computation.

Simulink® is a graphical programming environment for o=
modeling, simulation, and analyzing dynamical : ’ O
systems. Control development tool.

Robotics System Toolbox

Design, simulate, test, and deploy robotics
applications

Deep Learning Toolbox
Design, train, and analyze deep learning networks

More than 100 add-on toolboxes for specialized tasks

ROS Toolbox
Design, simulate, and deploy ROS-based applicationg
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MathWorks Supports Robotics and Autonomous Systems

Manipulators / Cobots Mobile Robots and Ground Vehicles
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Marine Robots
ROS Toolbox

Design, simulate, and deploy ROS-based applications | .

Get a free trial ‘ View pricing \

uestions? Contact Sales.
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Agenda

EEE Introduction

— Program ROS and ROS 2 using MATLAB and Simulink

From Simulink to ros2_control generation

— Automated ros2_control plugin
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ROS programming can be done in either Python or C++

and you can also do in

MATLAB/Simulink!! A;ATLAB/SimU”nk
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How to do ROS programming using MATLAB?

‘\I\/Iilth\/\/()l'ks Products Solutions Academia Support Community Events [w:-ez‘,m_ae ‘|

* Create ROS nodes, publishers,
Help Center EXRIEE o - o _ _ : _
subscribers, services, and actions directly
ROS Toolbox — Functions 2023 V|a MATLAB APIS_

By Category Alphabetical List

— CONTENTS Documentation  Examples Functions Blocks Videos Answers E

Category
Network Access
Auto ed Driving Toolbox . .
* Enhance ROS programming with
Road ROS 2 Network Connection and Exploration
P MATLAB’s Toolb Navigati
Rob ros2 Retrieve information about ROS 2 network (Since R2019b) S O O OXe S’ e ] g LY ] av I ga I O n
ROS Toolbox ros2message Create ROS 2 message structures (Since R2019b) . .
[oolbox and Computer Vision Toolbox
Custom Message Support 5 z =
ro Receive, send, verify and apply ROS 2 transformations (Since R2023a)
Bag File Logging and Analysis 16
Transform ROS and ROS 2 message entities into target frame (Since R2021a)
Specialized Messages 31
Return transformation from ROS or ROS 2 TransformStamped message structure (Since R2023b)
ROS Toolbox Supported 12

Verify if transformation is available (Since R2023a) .
* No CMAKE or C++ knowledge required
Transform message entities into target coordinate frame (Since R2023a) r ++ n W r u I r ]

Return the transformation between two coordinate frames (Since R2023a)

Hardware

Send a transformation to the ROS 2 network (Since R2023a)

i it * Leverage MATLAB/Embedded Coders for
automatic C++ and CUDA ROS code
generation.

Stop ROS or ROS 2 node (Since R2019b)

Extended Capability

[0 c/c++ Code Generation

Create a ROS 2 duration message (Since R2022b)

Determine if ROS or ROS 2 node is running (Since R2079b)
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How to do ROS programming using Simulink?

‘* N Robot Operating System 2 (ROS 2)
l: i ~ foes ROS 2
o e || &) e T s : : :
Mz ~J PSR mespace oo
ssssss 3 » Utilize Simulink blocks for publishers,

ErmorCode|

o T A T w8 | subscribers, services, and actions.

&
H
E;
@
)

@ % = e |  Modeling and simulation for Model-
=1l ® |Fe tla= g1 | Based Design with Simulink

* No need for CMAKE or C++ expertise.

* Automatically generate C++ and CUDA
ROS code with Simulink/Embedded
Coders.

pOOOOC
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We support major ROS functionalities in both MATLAB and Simulink for

ROS and ROS2

::: ROS

1582

Topic — Publish / Subscribe

Service server, Service client
Action - Clier%erver
Parameter\ ‘et / Set

ROS TF ‘

Custom messages

rosbag reader, rosbag writer
Code generation

CUDA ROS code generation

Topic — Publish / Subscribe
Service server, Service client
Action — Client //Ge
Parameter 3\ St/ Set

ROS2 TF '

Custom messages

ros2bag reader, ros2bag writer
Code generation

CUDA RQOS2 code generation

Topic — Publish / Subscribe
Service — Call

Parameter@Gf:t / Set

ROS Time \'

rosbag playback / record

Code generation (Local/Remote)
CUDA ROS code generation

Topic — Publish / Subscribe
Service — Call / Server
Action — Client &~

L)

Parameter {
ROS2 'I"lmeg\,:’

ros2bag playback / Record
Code generation(Local/Remote)
CUDA ROSZ2 code generation

ROS Distro

ROS Noetic

ROS2 Humble

Ease of
Use Tools
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MATLAB and Simulink Simplify ROS and ROS 2 Programming

b St — —
("TTTT v == Design Algorithms ==, : ROS
: := Perception Moti i Connection
i ofion 1 :
._F_S i i @ Control Planning | Prototyping ROS 2
R A 8 S
E v \ i ("= Design Platform ===, ‘ Simulator
o H P % . i ROS node 4 =1 N
.5 =|= E i . i genero’rlon -
"6 =|= : _______________________________ ’ =
?‘LE)'ECD/C')Sq ("~ Analyze Data  -=---< . | Standalone C++ ROS/ROS?2 =t
> HE 1 = 1 | node generation nodes ed
>| : i mm. 'iﬁwpmmiw‘.;« : N > \ hqrqu re y
------ indows/Mac/Linux rosbag Linux
- hecd J \_ Y,
rosbag import/playback

Offline analysis
ROS Data Analyzer
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Visualize and analyze ros(2)bag and live ROS data

ROS Data Analyzer

,
@esee8 @« ¥ 6 8 8§ 2 8@ @ @ ©B = 3
stall Package e Optmzation  FID Tuner System Vel Instrument  SimBiolagy ¢ MATLAR A C

Design Getbore Install Packag Cune fitter O ! tem  Signal ireless stument  SinBiology  SmBology MATLAECader Application | ROSfya | T
e Apms Mg App Identicstion  Analzer  WawetormG..  Control  Madel Builder Model naly.. Cempller LnatgZer . M
= ISuallze Do an
Hglid Sz 3 ke v )
rrrrrr t.. @ | | Editor- Fj 2 P sl VizwarTegicList.m [Read Only] P
L™ HYP i

bag files
| e = Visualize the live ROS data
= Use tags and bookmarks to

it
m

e _ ros(2)bag
’“*“‘* :‘ = Read and visualize ros(2)bags
stored in AWS S3
ol
v Please come over to the MathWorks table
during the Lab Tours/Demo Session in the

- afternoon!!!
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MATLAB connects with UR Cobots Via ROS and ROS 2

-

"

~

Pose
Estimation

Subscribe image

»

Motion
Planning /
Control

Windows/Mac/Linux

Publish Pose
o0

eoeo
Q00
Subscribe Pose

»!

J

Publish Trajectory |

Publish Raw
image
L ——

ROS 2
\»

Subscribe
Trajectory

UR Cobots
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Perceive

during the Lab Tours/Demo Session in the
afternoon!!!

STEIA

: )
A .‘,\\
Plan t 'DE, Control -

' Please come over to the MathWorks table ]
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Agenda

[ N N .
eee |ntroduction
— Program ROS and ROS 2 using MATLAB and Simulink

From Simulink to ros2_control generation

— Automated ros2_control plugin
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Generate ros2_control plugin from Simulink

-

Perception "

\

&\ MathWorks’

-

Data fiow of controllers

:::ROS control

=t_controliers »
load r

Controller Manager
Loads, unloads and calls

Controller

e.g. joint_position_controller
Dynamically allocated from loaded controller plugin.

eg.PID Set point from
Controller nog:m
. N

Hardware Rmource‘lgwfé Layer

URoA 0 l"., updates to controllers
MATLAB
ROS Interface obot Commands Robot States
ro S C O n t r O | / iy contollert e.:j‘o‘iﬁltefaflg:ll"ts -‘f-..m a jointglatel; - radians
Planning & ros2_control e pdaegereeRebet]
O I g - it iposkion f Joint Limits : (Forward) State
| | ROS Interface i Enforce limits (op® i . Tra r|sr':|issivcr|1\5m1 i
. . * i i
d ecision con t rolier _.,:,‘ msg SIATEE | Real mecharical state ¢
- Convert from joint i
g e n e r at I O n =
ROS Interface | write() | | read()
- i"::::::! s Coneler A;";"?LE:?;': Communication Bus [} "E'E; HT:%? :1
Simulink
COHTrOl Real Robot
Embedded Controllers
e. PID loop to follow
effort setpont

MATLAB

Opmnaj

Hardware

e — fewor T
™\ . . TR :Ti'\" robot
‘\ Windows/Mac/Linux ROS
j ROS 2
( -— ~)
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Recap - ros2_control architecture

Layered architecture

Single process (multi-threaded)
Determinism within node (execution)
OEM provides up to the interfaces layer

Hardware Interface transforms data:
— From HW to ROS (ex: enc ticks = rad)
— From ROS to HW (ex: rad = enc ticks)

Combine Hardware Interfaces (OEM1,
OEM2, ...)

Controllers are user-facing

Controllers inheriting from Lifecycle nodes

&\ MathWorks’

y h Simulink Model

<read/write> <read only>
v |
Hardware interface (ie: driver)
: ........... Data ........... ......... Safety .........
: Conversion | : (E-stops,..) | :
Joint Limits Sequencing
write() read()

Actuation Cmds Communication Bus f Mechanism States

Hardware / Simulation

Actuators ‘ Sensors ‘

System ‘
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Case Study: Model-Based Design for Painting Robots

Perceive 'Dﬁ, Plan / Control

X

Perception [Contraller Plant

Imape To Video
B Display

ROS 2

robotiMesh

L

apick-and-affactor [\
urbe

o= // k.
' Valid f——
\ __.r'Jr 5

i

| Y 3
- ., . Paint Cloud
( I', ,3 ‘I. ) Puoint clow o Location Viawer ,\7
L] »
B wayPoints

jointSegments. B TimePoj
Paint Cloud View ( N

=New

] curTime ‘ Minimum Jark Polynomial Trajactory1
JointConfigs f— - Eag;moassJoinlSegmanls
timePoints
poloudivz G spead
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Case Study: Model-Based Design for Painting Robots
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Case Study: Model-Based Design for Painting Robots

agel— | image  T°Vide®
Display

. Point Cloud
Location
Viewear

me |
| )
) 1 1> Config
! ‘apick -end- ! or b
w TinePolus Mo H = “
B e a e O =
Minimum Jerk Polynomial Trajectory1 - |'4, 1 (’ :)
oy T

Paint Cloud Viewer

ROS PC ROS 2
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Simulink Control Model

Case Study: Model-Based Design for Painting Robots

Configure ros2_control interfaces

Read latest waypoints

oo )

joint_space_waypoints

Sle—

join!

Get position interfaces

]

)
i
i :
iy
Ha £
H I g F

Configure point positions

isNew

jointSegments wayPoints

currTime

hold processJointSegments
timePoints

speed

_|—P Waypoints

Time

| TimePo

Time!

qdd
qddd

fArrival

1513

Minimum Jerk Polynomial Trajectory

Set position interfaces
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Mapping between Simulink and Lifecycle Node

stmROS2 node lifecycle J

onError
[SUCCES,

ErrorProcessing

do / onError()

Error Raised
onError:

[FAILURE]

| Finalized Ié—d

destroy()

®

create()

onCleanup
[SUCCESS]

CleaningUp
do / onCleanup()

Error Raised

cleanup()

Inactive
— )

onDeactivate
[SUCCESS]

Unconfigured

Canfiguring
do [/ onConfigure()

activate()

onConfigure
[FAILURE]

Error Raised

onConfigure:
[SUCCESS]

shutdown()

ShuttingDown

onActivate
[FAILURE]

[ Deactivating ]

[ Activating ]

do / onDeactivate() J

l o / onActivate()

Error Raised

deactivate()

Active

timers
etc,

do / callbacks

Error Raised

Error Raised

onActivate:
[SUCCESS]

v

shutdown()

do / onShutcown()

Error Raised

shutdown()

1ndustr1a1
I,

onShutdown:
[SUCCESS]

Read latest waypoints

IsNew

joint_space_waypoints

joint:

gments

Get position interfaces

Configure point positions

ROS 2

{ B isNew
Lh jointSegments

currTime
hol

speed

‘wayPoints

d processJointSegments

timePoints

>
1 Waypoifits qdd —»—]
qddd —»—

TimePol
TimeOfArrival F—»—]

Minimum Jerk Polynomial Trajectory

Set position interfaces

Demux
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Mapping between Simulink and Lifecycle Node

ROS 2 Node Lifecycle

o 0 onConfigure: . . .
Simulink Code generation
Architecture
e ‘ (I_} initialize ‘ () reset @ terminate
(e
s Custom implementation can be added to IRT blocks,
® which will generate code and get triggered at
distinguished transition states.
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Case Study: Model-Based Design for Painting Robots

Read latest waypoints

joint_space_waypoints

=

Get position interfaces

Configure point positions

-

'} Simulink Model
' A

|

——
A

isNew

jointSegments

| 4

Hold]

’—P speed

Speed

currTime

wayPoints

hold processJointSegments

timePoints

L), :
Time
qd[—»—
1 Waypoi qdd —»—]
qddd —»—
P TimePoln
imeOfArrival —»—

Minimum Jerk Polynomial Trajectory

Set position interfaces

<read/write> <read only>
\ |
Hardware interface (ie: driver)
: ........... Data ........... Safety .
: Conversion | : (E-stops,...)
Joint Limits Sequencing
write() read()

Actuation Cmds Communication Bus f Mechanism States

Hardware / Simulation

System H Actuators ‘ Sensors ‘
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Case Study: Model-Based Design for Painting Robots

Player~ || - &

SIMULATION MODELING FORMAT

shapeTracingControlier_ros2

«|H

® |73l shapeTracingController_ros2 b

P —

a Read latest waypoints | Get position interfaces

dane ()

) Msg
joint_space_waypoints jointSegments

Set position interfaces

Configure point positions

»—]

jointSegments wayPoints

——

% e 2l
hold processJointSegments ) L »
=

speed fArrival

‘—' Minimum Jerk Polynomial Trajectory

Speed

autofFixedStepDiscrete]
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Case Study: Model-Based Design for Painting Robots

Generated package located at ROS 2
Workspace
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Case Study: Model-Based Design for Painting Robots

#4 shapeTracingController_ros2 - Simulink prerelease use

SIMULATION
ROS Network

Deploy to

MODELING

Robot Operating Systemn 2 (R.. I—_ .
- #a Dhavs 1192 162 10
Remote Device (192.168.109... MODEL CONFIGURATION

-, Test Connection

al

shapeTracingControlles_ros2 rarcware
- Settings

shapeTracingController_ros2 Pk

SIGNAL MONITORING & TRACING

\\\V industrial

Read lates

TUNE PARAMETERS

L Y
Tune Hald
Faraﬂ!ete’s Updates

ROS TOOLBOX

&

joint
7 E Remove Hardware Configuration
7

Remove hardware configuration from this mode

.

By Configuee ROS 2 Contral

To generale ROS 2 Comtrol conroller package om the Simulink model, ‘shapeTracingController_ros2,

Controller C=+ class name: | ConfroderHost
Inports Cutports Paramaters

Hame
In1
In2
In3
Ind
In&
Iné

[+] Generate ros2_contrel controller package

Resource name
shoulder_pan_jeint
shoulder_Iim_joint
elbiow_jind
.\'u':|s1_'J0m'|
.-.-\.~|51_2_|0 ]

wrist_3_joint

Resource type

PositionJointinterface
FositionJointinterace
PositionJoinlintertace

PasitionJointinterface

PositionJointinterface

FositionJointinterface

Cancel

jments
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Agenda

[ N N .
eee |ntroduction
— Program ROS and ROS 2 using MATLAB and Simulink

From Simulink to ros2_control generation

— Automated ros2_control plugin

E Summary
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Key Takeaways

MATLAB and Simulink simplify ROS and ROS 2 programming

» Leverage Simulink’s Model-Based Design with ros_control and
ros2_control frameworks for robust controller development

» Go directly from algorithm prototyping to implementation

» Easily incorporate Simulink controllers into ros2_control framework

 (Call-To-Action:

» Try out the reference examples from ROS Toolbox
» Reach out to us to work on real-world industrial applications
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https://www.mathworks.com/help/ros/index.html

Learn More

' ' Awesome-MATLAB-Robotics
ks Robotics Solution Page

GitHub Repo (LINK)

Ground Vehicles and Mobile Robotics

Kinematic motion models for simulation

MATLAB and Simulink for Robotics and
Autonomous Systems

Develop autonomous applications from perception to motion and
oplimize system-level behavior

Control and simulation of warehouse robots

Programming of soccer robot behavier (Video)

warm (Videa)

Simulation and programming of robot

Mapping, Localization and SLAM (See Section Below)

Motion Planning and Path Planning (See Section Below)

Download a free trial Mobile Robotics Simulation Toolbox (Videa)

Robotics Playground (Robotics Education - Video)

Test Robot Autonomy in

Manipulation Simulation

Toals for rigid body tree dynamics and analysis

Explores MATLAB® control of the
Gazebo® Simulator.

Inverse Kinematics (Blog and GitHub Repo)

Inverse kinemat

with spatial constraints

Interactive Inverse Kinematics

Collision checking (Self-Collisions, Environment Collisions)

Trajectory Generation (Blog, GitHub Repo)

Al for Robotics

Apply Al to enable autonomy in robotics
applications ]

2081 haie
=

-+
Feedback Control of a ROS-
Enabled Robot Over ROS 2

Safe trajectory planning (Impedance based control)

Pick and place workflows (Using Gazebo)

Legged Locomotion

Modeling and simulation of walking robots (GitHub Repo)

Pattern Generation for Walking Robots (Video)

Linear Inverted Pendulum Model (LIPM)for humancid walking
(Video)

Deep Reinforcement Learning for Walking Robots (Videc)
Modeling of quadruped robot running (Files)

Quadruped Robet Locomotion Using DDPG Agent

|7 +
<~ %
X

ROS Toolbox

. . . A Robot Modeli
Design, simulate, and deploy ROS-based applicatio opot Moaeling

Use Simulink® to control a
simulated robot running in a
Gazebo® robot simulator over ROS 2
network.

§ Download a free trial

View Pricing

Simscape Toals for Modeling and Simulation of Physical Systems

Simulate Manipulator Actuators and Tune Control Parameters

Algorithm Verification Using Robot Models

Import Robots to MATLAB from URDF Files

Import Robots from CAD and URDF Files

4\ MathWorks

ROS Examples

K
Get Started with a Real
TurtleBot

Connect to a TurtleBot® using the
MATLAB® ROS interface. You can
use this interface to connect to a
wide range of ROS-supported

e
Fusion of Radar and Lidar
Data Using ROS

Perform track-level sensor fusion on
recorded lidar sensor data for a
driving scenario recorded on a
rosbag. This example uses the same
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https://github.com/mathworks-robotics/awesome-matlab-robotics
https://www.mathworks.com/help/ros/examples.html
https://www.mathworks.com/solutions/robotics.html
https://www.mathworks.com/products/ros.html
https://www.mathworks.com/solutions/artificial-intelligence/ai-robotics.html?s_tid=srchtitle_site_search_2_AI%20robots
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Thank you!

- YJLim Josh Chen
yilim@mathworks.com joshchen@mathworks.com
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Accelerating the pace of engineering and science
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