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ROS Introduction
What's the problem?

Solutions?

= How to break the circle?

comic by https://phdcomics.com
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ROS Introduction
What's the problem?

Solutions!

» Standardize components
(that can be documented),

» build generic tools,

» split the work to multiple people by
building a community and

» make the industry part of this
community.

comic by https://phdcomics.com
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ROS Introduction
Standing on the shoulders of giants

Evolution of ROS
» Willow Garage (2008-2013)
e Building libraries for the community
» OSRF/Open Robotics (2014-+)
e 2000+ packages, worldwide adaption
» ROS 2 (since 2016)

e New middleware with deep changes

Universitat
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PR-1 (top) by Stanford University and PR-2 by Willow Garage,
image source: https://robots.ieee.org/robots/pr2/
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ROS Introduction
What is ROS?

Not an Operating System but a Middleware

Plumbing Tools Capabilities Ecosystem

German
Researcl h Center
for Artificial
Intelligence

Image source: https://www.ros.org/about-ros/
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ROS Introduction
Examples for very different systems using ROS

ROS 1 systems at DFKI-RIC

Cuttlefish — AUV with 2~ ARTER — Autonomous Mobipick — Mobile
arms Rough Terrain Excavator Manipulator a MiR 100
Robot base and UR5 arm

Source: https://robotik.dfki-bremen.de/en/research/robot-systems.html
v
niverst
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ROS Introduction .mm

DFKI RIC Active Systems

AUV Cuttlefish

CREX. DAGON Deepleng

Ganzkérperexoskelett KUKA KR 60 Magnet Crawler Ii MANTIS Mitsubishi PA 10-7C

SeeGrip Manipulator seekurir SherpaTT Sherpauw spaceClimber spidercam Teredo Iceshuttle TiAGo YEMO 1.1

Source: https://robotik.dfki-bremen.de/en/research/robot-systems.html
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ROS Introduction DRl 2
ROS distributions (End-Of-Life dates in brackets)

Ubuntu ROS 1 distribution ROS 2 distribution Release
22.04 LTS Humble Hawksbill (05/2027) 2022
Galactic Geochelone (11/2022) 2021
20.04 LTS
Noetic Ninjemys (05/2025) Foxy Fitzroy (05/2023) 2020
Eloquent Elusor 2019
Dashing Di
18.04 LTS ashing Diademata
Melodic Morenia (05/2023) Crystal Clemmys 2018
Bouncy Bolson
17.04 Lunar Loggerhead 2017
16.04 LTS Kinetic Kame Ardent Apalone 2016

currently supported distributions



Topology
Topology of a Robot

The Robotics problem...

Decision making

Perception

Signal Processing

i

Control

Environment

URiversitat

Distributed processes:
» Sensor data sampling
» Data/signal processing
» Decision making

» Control signals — actuators
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Nodes m S ontar
What is a ROS Node? Intelligence

Nodes are processes.

A node is a small Python or C++ program that should be responsible for a single,
module purpose. Examples of nodes:

laser-
scanner | mapping

motor

controller operation
node

(driver) ( node
node
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Communication Dl
How do Robot components communicate?

Nodes exchange data — interprocess communication.
A simple example:

[

forward: 1m/s

> teleop-node gets data from the joystick, calculates speed for the robot
» teleop-node sends calculated velocity, the motor controller-node receives it

» motor controller-node calculates how fast the motor has to turn to move the
robot and sends the translated speed to the motor.




Communication mm

ROS Node communication

ROS Topics

Nodes can use topics to communicate. Use topics to send fast and repeating data
(for example sensor readings).

motor
controller tele-
node operation

node

Topic: cmd vel
0 opic: cma_ve Publisher

» the teleop-node publishes a Twist message on the cmd_vel topic.
» the motor controller-node subscribes to the cmd_vel topic and receives it.

» other nodes can also talk or listen to cmd_vel!




Communication m"" .

Services

Intelligence

Message:

service: get_costmap CostmapMetaData

nav2_msgs/GetCostmap

request request
p|anning response response
mapping

I node

Message:
Costmap

» Topic-Problem: You don't know if your message got received.
» ROS services force you to send feedback with your message!

» Multiple nodes can call the same service, but only one node can provide one!




Launch Files

Launch files allow you to start other launch files and nodes.

navigation drivers

(ocalizatioa (mapping) (motors) ( lidar )
) lGartographeD left motoD leIidar—dr\D

launch
files

nodes

rman
Research Center
Atificial

Intelligence
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ROS 2 Commands .m g,

Examples of ROS 2 commands that can be executed through the
command line interface (CLI):

» colcon build: Build all packages in the workspace.
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Examples of ROS 2 commands that can be executed through the
command line interface (CLI):

» colcon build: Build all packages in the workspace.

» ros2 node list: Outputs a list of available nodes.
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Examples of ROS 2 commands that can be executed through the
command line interface (CLI):

» colcon build: Build all packages in the workspace.

» ros2 node list: Outputs a list of available nodes.

» ros2 topic list: Outputs a list of active topics.
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ROS 2 Commands 'm

tel

Examples of ROS 2 commands that can be executed through the
command line interface (CLI):

» colcon build: Build all packages in the workspace.

» ros2 node list: Outputs a list of available nodes.

» ros2 topic list: Outputs a list of active topics.

» ros2 interface show <message-type>: Outputs the interface definition.
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ROS 2 Commands

Examples of ROS 2 commands that can be executed through the
command line interface (CLI):

>

vvyyvyy

colcon build: Build all packages in the workspace
ros2 node list: Outputs a list of available nodes.

ros2 topic list: Outputs a list of active topics.

ros2 interface show <message-type>: Outputs the interface definition.

ros2 run <package> <executable>: Runs an executable (node).
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ROS 2 Commands .F[I

Examples of ROS 2 commands that can be executed through the
command line interface (CLI):

>

vVvYVvyyvyy

colcon build: Build all packages in the workspace
ros2 node list: Outputs a list of available nodes.

ros2 topic list: Outputs a list of active topics.

ros2 interface show <message-type>: Outputs the interface definition.

ros2 run <package> <executable>: Runs an executable (node).

ros2 launch <package> <launch-file>: Runs a launch file.

Y
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ROS 1 and ROS 2




ROS 1 and ROS 2

Differences in Communication

ROS 1: Server-Client
ROS Master

Data flow in ROS 1 and ROS 2

ROS 2: DDS

erman
esearch Center
ificial
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ROS 1 and ROS 2 .F{I""

Different tools and commands

or Artifi
Intelligence

Build tools
» ROS 1 uses catkin_make or catkin build
» ROS 2 uses colcon

Command line interfaces (CLI)
» ROS 1 has separated commands like roslaunch, rostopic, ...

» ROS 2 commands are run with ros2 followed by a space, like ros2 launch or
ros2 topic.
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ROS 1 and ROS 2

Differences in programming

Starting nodes
» ROS 1 launch files are written in XML.
» ROS 2 launch files are written in Python. (you can still force XML)

Developing nodes
» The Python 2 API for ROS 1 is rospy.
» The Python 3 API for ROS 2 is rclpy.
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ROS 1 and ROS 2 —
Getting help n ..........

Intelligence

» ROS 1 Wiki: https://wiki.ros.org/
» ROS 2 Documentation: https://docs.ros.org/en/humble/
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Conclusions and Further Reading




Takeaways
What do we know about ROS now?

ROS is awesome
» ROS solves basic problems in robotics.
> It helps you to get data from a node to another easily.
» ROS has a lot of graphical and command line tools.
» ROS has a very useful command line interface.
» Be aware that ROS 1 is still huge!

= You will get hands-on-experience in the tutorials!
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Further learning
Play around with ROS!

Web
» ROS 2 docs: https://docs.ros.org/en/humble/
» Books about ROS at https://wiki.ros.org/Books
» ROS forum: https://answers.ros.org/
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Final Notes o]
for Artificial
Intelligence

>0\

Don't Panic!
» Ubuntu, ROS, Python, KTEX, git ...
So much new Software! All this in the 1st semester?!

» Robotics is a huge field with a lot of active research.
» This course can only give a very superficial overview.
» Ask questions! We are happy to help!
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Next: Programming in Python
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