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Robot Operating System
– Software architecture for robots (middleware)

– Different from control architecture

ROS
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ROS Philosophy

• Peer to peer
– Individual programs communicate over defined API (ROS messages, 

services, etc.).

• Distributed
– Programs can be run on multiple computers and communicate over 

the network.

• Multi-lingual
– ROS modules can be written in any language for which a client 

library exists (C++, Python, MATLAB, Java, etc.).

• Software reuse
– No need to reinvent the wheel every time.

• Free and open-source
– Most ROS software is open-source and free to use.
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ROS

Development
– Started at STANFORD ~2005
– Carried by Willow Garage 2007 - 2013
– Now by Open Source Robotics Foundation

Installation
– Mainly on Linux Ubuntu
– Current 'long support' version ROS Melodic + ubuntu 18.04
– Quite easy to install

sudo apt install ros-melodic-desktop-full

Robots
– Hundreds of robots : http://wiki.ros.org/Robots
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ROS Releases
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ROS Installation detailed

• For ROS Melodic
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ROS : “meta” operating system

Packages
– Unit (directory) grouping elements (source code, scripts, 

launch files, libraries …) related to one function
– Defined with Manifest “package.xml”

Version / purpose / dependencies …
– Building tool : catkin (using cmake)

catkin_create_pkg beginner_tutorials std_msgs rospy roscpp
. ~/catkin_ws/devel/setup.bash
catkin_make

Meta file system
– roscd, rosls
– rospack Ex : rospack find [package_name]
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ROS Computational architecture

Node
– The unit of execution in ROS applications

Messages
– Data structures containing data of various kind (float, string, images 

….)
– Existing list of std messages (position, cmd_vel …) and message 

ontology (geometry, sensors, navigation ...)
Topic

– publish/subscribe communication channel transmitting messages
Service

– Request/response communication channel
Actions

– Similar to services, for long / preemptible tasks
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ROS Nodes
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ROS Master
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ROS Topic



12Robotique Mobile D. Filliat / A. Chapoutot / G. Frehse

ROS Topic Example
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ROS Messages
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ROS Messages
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ROS messages example
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ROS Master in details



17Robotique Mobile D. Filliat / A. Chapoutot / G. Frehse

Example application

Nodes

Topics

ROS Computational architecture
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ROS Computational architecture

Roscore (ROS Master)
– Main ros process, handle connections between nodes
– Host a parameter server

Inter process communication
– Direct communications between node
– through TCP/IP or UDP 
– Easy on multiple computers 

(set ROS_MASTER_URI)
– Shared memory (nodelet) 

on single computer

Rospy, RosCPP, …
– The libraries to interact with ros network in various languages
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Publisher python example
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Subscriber python example
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ROS tools – cmd line

rosrun
– Run an executable in a package

rosrun package executable

roslaunch
– Run a set of nodes defined in a « launch file » 

roslaunch package fulldemo.launch
<launch>

<!-- a basic listener node -->
<node name="listener-1" pkg="rospy_tutorials" type="listener" />
<!-- pass args to the listener node -->
<node name="listener-2" pkg="rospy_tutorials" type="listener" args="-foo 

arg2" />
<!-- a respawn-able listener node -->
<node name="listener-3" pkg="rospy_tutorials" type="listener" 

respawn="true" />
</launch>
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ROS tools – cmd line

rostopic
– Display/send/stats on topics

rostopic echo
rostopic bw
rostopic hz
rostopic pub

rosservice
– similar for services

rosnode
– list / info / kill / clean nodes

rosnode list
…



23Robotique Mobile D. Filliat / A. Chapoutot / G. Frehse

Workspace: catkin
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Workspace: directories
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Workspace : package
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ROS tools – cmd line

rosbag
– Allows to record / replay messages
– Possibility to filter / change frequency …
– Rqt_bag for display
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ROS tools - parameters

rosparam
– Get/set params in the roscore

rosparam set
rosparam get

– Accessible through roscpp/rospy…
global_name = rospy.get_param("/global_name")
rospy.set_param('a_string', 'baz')

dynamic reconfigure
– package to
dynamically change
node params
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ROS tools - logging

rosconsole
– Logging capability in roscpp (also in rospy)

#include <ros/console.h>
ROS_DEBUG("Hello %s", "World");
ROS_DEBUG_STREAM("Hello " << "World");

– Several verbosity level (DEBUG, INFO, WARN …)
– Messages send to /rosout
– Use rqt_console for visualisation/filtering
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ROS tools - GUI

RQT
– Graphical User Interface with pugins
– Rqt_graph

– Rqt_plot

– …
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ROS tools - GUI

RVIZ
– Visualization of Std messages
– Extensible through plugins
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ROS tools – robot definition

URDF
– Define a robot structure / 3D model in xml
– Used for display
– Used to change frame of reference
– Used in simulators …

TF
- Library to compute coordinate transform
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ROS available functionalities

Hardware abstraction / std_msg
– Many sensor abstractions
– Common interface to many robots

Interaction with libraries
– Opencv/PCL bridge
– MoveIt

Navigation
– SLAM (gmapping, hector …)
– Localisation
– Planning / Obstacle avoidance / Recovery behavior

Manipulation
– Object detection / recognition
– Planner
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Ex : Navigation Stack
– Used to guide a robot in a known map
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Software architectures - Summary

– Software architectures for robotics provide:
• Ways to distribute computation and exchange data between modules
• Tools to visualise/process/save/replay… these data
• Ready to use functionalities (navigation, object picking …)
• A community of researchers/industrials/hardware

– Robot Operating System ROS is one such architecture, currently the 
most widely used


