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*Week 1
*Sep 2: ROS2 Introduction: Why ROS2?

*Sep 4: ROS2 Introduction: Setting up the development environment

*Week 2
*Sep 9: ROS2 Nodes and Data Communication
*Sep 11: Practice — ROS2 Nodes and Data Communication
*Week 3
*Sep 16: ROS2 Transformation System (TF2)
*Sep 18: Gazebo Practice: Robot Creation (Part 1)
*Week 4
*Sep 23: Gazebo Practice: Robot Creation (Part 2)
*Sep 25: ROS2 Sensing
*Week 5
*Sep 30: Gazebo Practice: 2D Lidar
*Oct 2: Gazebo Practice: Depth Camera
*Week 6
*Oct 7: SLAM Theory
*Oct 9: Gazebo Practice: SLAM
*Week 7
*Oct 14: Path Planning Theory
*Oct 16: Gazebo Practice: Path Planning
*Week 8
*Oct 21 & Oct 23: Midterm Exam

*Week 9

*Oct 28: ROS2 Programming — Build and Package Files

*Oct 30: ROS2 Programming — Package Design
*Week 10

*Nov 4: Real Robot Practice — Sensing (Part 1)

*Nov 6: Real Robot Practice — Sensing (Part 2)
*Week 11

*Nov 11: Real Robot Practice — YOLOvS8

*Nov 13: ROS2 Topic Programming (Python)
*Week 12

*Nov 18: ROS2 Service Programming (Python)

*Nov 20: Real Robot Practice — SLAM (Part 1)
*Week 13

*Nov 25: Real Robot Practice — SLAM (Part 2)

*Nov 27: Real Robot Practice — Path Planning (Part 1)
*Week 14

*Dec 2: Real Robot Practice — Path Planning (Part 2)

*Dec 4: Real Robot Practice — Path Planning (Part 3)
*Week 15

*Dec 9: Final Project

*Dec 11: Final Project



*Week 1
*Sep 2: ROS2 Introduction: Why ROS2?
*Sep 4: ROS2 Introduction: Setting up the development environment

(‘Week 2
*Sep 9: ROS2 Nodes and Data Communication
*Sep 11: Practice — ROS2 Nodes and Data Communication
*Week 3
\_ *Sep 16: ROS2 Transformation System (TF2)

ROS?2 functions

*Sep 18: Gazebo Practice: Robot Creation (Part 1)
*Week 4
*Sep 23: Gazebo Practice: Robot Creation (Part 2)
*Sep 25: ROS2 Sensing . )
“Week 5 ROS2 Simulation
*Sep 30: Gazebo Practice: 2D Lidar

AN

*Oct 9: Gazebo Practice: SLAM
*Week 7
*Oct 14: Path Planning Theory
*Oct 16: Gazebo Practice: Path Planning

\_  *Oct 2: Gazebo Practice: Depth Camera -/
~Week6 —
«Oct 7: SLAM Theory ROS2 applications

(«Week 9 Robotics Programming
*Oct 28: ROS2 Programming — Build and Package Files

*Oct 30: ROS2 Programming — Package Design

Real robot practice
*Nov 4: Real Robot Practice — Sensing (Part 1)

*Nov 6: Real Robot Practice — Sensing (Part 2)
*Week 11

*Nov 11: Real Robot Practice — YOLOv8

*Nov 13: ROS2 Topic Programming (Python)
*Week 12

*Nov 18: ROS2 Service Programming (Python)

*Nov 20: Real Robot Practice — SLAM (Part 1)
*Week 13

*Nov 25: Real Robot Practice — SLAM (Part 2)

*Nov 27: Real Robot Practice — Path Planning (Part 1)
*Week 14

*Dec 2: Real Robot Practice — Path Planning (Part 2)

o

*Week 8
*Oct 21 & Oct 23: Midterm Exam

*Dec 4: Real Robot Practice — Path Planning (Part 3)
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*Week 15
*Dec 9: Final Project
*Dec 11: Final Project
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Jazzy Jalisco

Jazzy Jalisco is our latest ROS 2 LTS release targeted
at the Ubuntu 24.04 (Noble) and Windows 10, though
other systems are supported to varying degrees.
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Various noises '
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SSL node

> Speech Separation node
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Navigation node
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Sound Source Localization
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Navigation

Sec. V-G: Navigating to the NLOS source
(clapping sound)
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Human-Robot Interaction
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Research Topics

Vision-Sound Language Action
model

Sound-based Embodied Al
Robot Auditions in Real

\ Environments /

Do an

action! 16
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Industries that utilize this research topic

FIGURE 01 « OPENAL
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Don’t be afraid of failure!
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What is ROS?

* ROS is an open-source, meta-operating system for your
robot!

» Open-source: &2 BEJL SHE[O =L AAFE2 AHE, =78, HiZY
= A AZEL]

» Meta-operating system: & 3| H[2| {0 S&StHAM Cr==9| Xt
(CIHIO[A, A| AR AFR AL £)8 £3t A|0f3t 1 %[ =315t = A|~d

O

For operating various robots, Sensors, ...
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What is ROS?

* The Robot Operating System (ROS) is a collection of tools,
software libraries, and documentation facilitating the
development and sharing of robotics software

* Its federated package model allows unrelated entities to create
and reuse compatible software

23



* In 2007, Willow Garage provided resources for researchers to create

general-purpose robotics software that could be reused and shared. From
the start, it was an effort involving a community of people at different
institutions working on the core infrastructure and various packages

 In 2014, stewardship of ROS was transferred to the Open Source Robotics
Foundation (now referred to as Open Robotics) a 501(c)(3) non-profit
organization.

* In late 2022 the majority of Open Robotics was acquired by Intrinsic, an
Alphabet company. The Open Source Robotics Foundation controls the
ROS trademarks and websites but the primary development team for ROS
now works at Intrinsic.

* In the intervening years, ROS has been adopted as a defacto standard in
Industry and academia.
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Why ROS2?

OS 2 was started in 2007, first announced in 2014, and first release
in 2017. It was created to address several issues identified with RO
1.

« ROS 1 was designed for use with a single robot and hence had a central com
ponent (roscore) that needed to be accounted for.

* ROS 1 communicates all data unencrypted over the network and is insecure.
ROS 2 has a formal security model.

« ROS 1 has no real-time performance guarantees. ROS 2 is working on enabli
ng real-time control.

» ROS 1 used a custom service/message middleware whereas ROS 2 uses indus
try standard versions.

« Overall ROS 2 is less complete than ROS 1 (in that it has fewer pack
ages and more rough edges to its declared functionality), but it is gr
owing every day..

R
d
S
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Why ROS2?

Tz ROS 1 ROS 2
EA A7 2010 (34 A HiIz) 20174H (A Hi =)
Al AE 2x Tt 22 ZH, roscoreZt= SY | 24 AIAHR XY, 5 EEA T
=8 7= HEZHE g = M} A
. HELA EA 253t S XAl Hol el ot55L/0|=) X
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Why ROS2?

o Application Application
Application
Laver |
ROS52
Client Library Client Library
Middleware Abstract DDS La
strac er
Layar MNodelet Y
TCPROS/UDPROS
AP I Intra-process
DD5 AP
05 Linux Linux,/Windows/Mac/RTOS
Layer
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Why ROS2?

Apblicati Application Application
pplication
Layer @ Node) Mot rode) @
Middleware layer2| &4 &HO| KO —
7 ROS2 A
| Client Library i
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i Midd] Client Library i RWM
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i TCPROS/UDPROS Nodelet : Interface)
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Why ROS2?

ROS1 ROS2
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DDS?

. O B2 25 Ho] 7 RRE 07 (Latency 7HM 2 Q)
* Fast DDS - RTIl Connext

» Raspberry Pi0l ROS2E S2{0f & [ff?
 Fast DDS - Cyclone DDS

« 259| MA{ 4O|E| SAl0] @10{OF &t }? (R A|ZHd =2tH 2 Q)
« Fat DDS = RTI Connext t=== GurumDDS
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Usage Statistics

At the start of Fall 2024:
* 95% of commits to ROS are to ROS 2 repositories.

« 72% of ROS downloads are from ROS 2 repositories.

* At the start of Fall 2023:
« 74% of commits to ROS are to ROS 2 repositories.

* 55% of ROS downloads are from ROS 2 repositories.

* At the start of Fall 2024:
* 63% of commits to ROS are to ROS 2 repositories.

* 40% of ROS downloads are from ROS 2 repositories.
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ROS/ROS2 Version

Distro Release date Poster

Noetic Ninjemys

ROS Noetic Ninjemys May 23rd, 2020

Distro Release date Logo EOL date

————————— ——

4
\
| 1
1 1
1 1
; 1 1
? Melockic, I 1
> Momiagd i H
ROS Melodic Morenia ~ May 23rd, 2018 v = H )
el A e e e e e Saracmy N 4
- FOCHELONE
Galactic Geochelone May 23rd, 2021 December 9th, 2022
ROS Lunar Loggerhead May 23rd, 2017
Foxy Fitzroy June 5th, 2020 June 20th, 2023
ROS Kinetic Kame May 23rd, 2016
Eloquent Elusor November 22nd, 2019 November 2020
ROS Jade Turtle May 23rd, 2015
Dashing Diademata May 31st, 2019 May 2021
ROS Indigo Igloo July 22nd, 2014 Crystal Clemmys December 14th, 2018 December 2019
Bouncy Bolson July 2nd, 2018 July 2019

ROS Hydro Medusa September 4th, 2013

“#HYDRO
MEDUSA 3 5



ROS 2 Document / Community

# ROS 2 Documentation: Humble
# ' ROS 2 Documentation © Edit on GitHub

You're reading the documentation for an older, but still supported, version of ROS 2. For information on the latest version, please
have a look at Kilted.
ROS Resources: ROS Homepage | Media and Trademarks | Documentation | ROS Index | How to Get Help | Q&A Help Site | Discussion Forum | Service Status

ROS 2 Documentation * open, e
robotics -
The Robot Operating System (ROS) is a set of software libraries and tools for building robot applications. From drivers and state-
of-the-art algorithms to powerful developer tools, ROS has the open source tools you need for your next robotics project.
s =
s =2 . AT 7 e . ; :
Since ROS was started in 2007, a lot has changed in the robatics and ROS community. The goal of the ROS 2 project is to adapt to TLDR: If you use email noifications from Discourse to know when to visit the site, please review your settings. X
these changes, leveraging what is great about ROS 1 and improving what isn't. & Upcoming events
- Hi therel
Are you looking for documentation for a particular ROS package like Movelt, image_proc, or octomap? Please see ROS Index or i HE7|
check out this index of per-package documentation, We have recently been working on a few things to improve your experience at the Open Robotics Discourse, including adding new categories

v for our other projects, migrating the Gazebo Discourse to this one, and resolving an email limits problem due to overactive notification settings.

" This site contains the documentation for ROS 2. If you are looking for ROS 1 documentation, check out the ROS wiki.

Contact iii  ROS General . . . . TPt - "
We've finalised the changes to email settings, which has resolved our email limits problem. However, it may have changed how emails that you

The ROS 2 Project If you use ROS 2 in your work, please see Citations to cite ROS 2. ‘ . ;
“. Projects were relying on are provided.
Getting started f Jobs FHED2 » B3 » | FHE D2 HA O Q7IF 917
« Installation Site Feedback
Instructions to set up ROS 2 for the first time oL Bl = E[A
« Tutorials = REFEa2
The best place to start for new users!
Hands-on sample projects that help you build a progression of necessary skills v A3 A OSRA Announcements and News X OSRA's Technical Governance
* How-to Guides % gazebo Follow this category to get all Committee Approves $250,000 4
Quick answers to your *How do 1...2" questions without working through the Tutorials the latest news from the Open . Funding for Infrastructure and
v onmpts % infrastructure Source Robotics Alliance
High-level explanations of core ROS 2 concepts covered in the Tutorials Documentation Enhancement
» Contact % open-rmf A OSRA Announcements and News osra-tgc
Answers to your questions or a forum to start a discussion
@ ros .
The ROS 2 sact A @ ¥ Welcome to Gazebo Community 1
e proje = R2EEH2  Gazebo General

If you're interested in the advancement of the ROS 2 project:

https://discourse.openrobotics.or
https://docs.ros.org/en/humble/ ps:// P 9/
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ROS2 Source code

O Product

Solutions Resources Open Source Enterprise Pricing

ROS 2

(N N ]
[ N N ] Version 2 of the Robot Operating System (ROS) software stack
LN N ]

A 3.2k followers & https:ffdocs.ros.orglenfrolling

() Overview [ Repositories 138 M Projects & @ Packages A People 32

README . md

About

The Robot Operating System (ROS) is a set of software libraries and tools that help you build robot applications. From drivers to
state-of-the-art algorithms, and with powerful developer tools, ROS has what you need for your next robotics project. And it's all
open source. Full project details on ROS.org

Getting Started

Looking to get started with ROS? Our installation guide is here. Once you've installed ROS start by learning some basic concepts
and take a look at our beginner tutorials.

Join the ROS Community

Community Resources

« ROS Discussion Forum

* ROS Discord Server

*+ Robotics Stack Exchange (preferred ROS support forum).
o Official ROS Vidane

https://github.com/ros2

or jump to...

View all

Top languages

@®C++ @Python @CMake @C
EmberScript

Most used topics

hacktoberfest ros
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ROS2 (Humble) Installation

 Ubuntu 22.04 € Recommended
« Window 10
* macOS (Mojave 10.14)

* https://docs.ros.org/en/humble/Ins
tallation/Ubuntu-Install-Debs.html
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ROS2 (Humble) Installation

+ Set locale: SystemOi|A] UTF-8 Al QIR &S A8 = ULS
’5@1 (ROS package, message 0| CtYet FLIZE ZXHE &

_9_0)

o a
+ Setup sources: ROS271 M SOt= apt ME2F system0f| 5=
A [AHo 2F 7| =7t

1 —_

* Install ROS 2 Packages: ROS2 A& X]|
e ros-humble-desktop: GUI, FE2[¥, Rviz Z& =l TX| 23
- ros-humble-ros-base: GUI H[|2|, &4 & HIA[X| 7|& &4
- ros-dev-tools: JHE =+ (ALY &)

etup script: ROS2 Sl A4S terminal 0| Al EE35}7]
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ROS2 (Humble): Configuring environment

* Prepare your ROS2 environment

* https.//docs.ros.org/en/humble/Tut
orials/Beginner-CLI-
Tools/Configuring-ROS2-
Environment.html#add-sourcing-
to-your-shell-startup-script
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ROS2 (Humble): Configuring environment

* Source the setup files or add sourcing to our shell startup
script: 'source /opt/ros/humble/setup.bash’

* Check environment variables
* The ‘'ROS TODMAIN ID’ variables

. ROSZ— DDS (Data Dlstrlbutlon Service) middleware 7|gt &

otH, Domain ID= =2|HQ HEAI F2= UEE Y

EI} 7 L|=

« Of: 0431 Z2X0| &t Wi-fit] HEE M, M2 CrE Domain

IDE £ 0f5[0:

. Network po rt
0~101 HR=

* The ROS_LOCALHOST_ONLY’ variable

=t
D
%2 o|st7| 8H, LinuxOf|A Ht™ o 2
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