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Objectives
• Understand the purpose of ROS 2 and its 

role in modern robotic systems
• Identify the core components of a ROS 2 

system: nodes, topics
• Grasp the ROS 2 communication model, 

including publish/subscribe
• Visualize the architecture of a ROS 2-based 

robotic system as a graph 
• Appreciate the advantages of ROS 2
• Build foundational knowledge to interpret 

and design basic ROS 2 systems
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Programming robots:
• Robots need to be programmed to perform useful tasks
• Middleware simplifies development by providing drivers, libraries, and tools
• Most middleware was robot-specific and did not expand beyond initial labs
• ROS stands out due to its large, active global community, making it widely 

adopted and reusable



Introduction

30/06/2025ROS 2 & ROBOT PROGRAMMING 4 / 63José Miguel Guerrero Hernández

ROS (Robot Operating System):

“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.”

http://www.ros.org/

http://www.ros.org/
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ROS history:
• 2006: Started at Stanford's STAIR project
• 2007: First code released at Willow Garage
• 2010: ROS 1.0 officially released with PR2 robot
• 2013: OSRF took over ROS development
• Now: Widely adopted open-source standard in robotics
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ROS history:
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What is ROS 2?
• Successor to ROS 1 with industry-

grade communication
• Open-source OS for modular, 

scalable robotics
• Easily integrates diverse sensors and 

data formats
• Cross-platform: Linux, Windows, 

macOS, microcontrollers
• Supports real-time, distributed, and 

secure systems
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ROS 1 vs ROS 2:
• Communication: ROS 2 uses DDS middleware, replacing the ROS 1 master node
• Real-time support: Built-in in ROS 2, limited or hacked in ROS 1
• Multi-robot support: Native in ROS 2, complex in ROS 1
• Security: ROS 2 includes encryption and authentication (DDS-Security)
• Launch system: ROS 2 uses Python-based launch with improved flexibility
• Active development: ROS 2 is the focus of all future ROS tooling and libraries
• Backward compatibility: ROS 2 is not directly compatible with ROS 1, but bridges 

exist
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ROS 2
• 2017 First ROS 2 release (Ardent Apalone)
• Lot of tutorials and documentation
• We will use Ubuntu 24.04 LTS + Jazzy Jalisco LTS + Gazebo Harmonic LTS
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ROS 2
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The ROS 2 Computation Graph:
• Shows how a robot’s software is organized and runs at runtime
• Composed of ROS 2 nodes handling tasks: sensing, control, or decision-making
• Nodes communicate via topics, services, and actions
• Forms a dynamic and distributed network
• Nodes can appear or disappear, making the system modular and flexible
• Communication mechanisms:

• Publication/Subscription: Asynchronous N:M
• Services: Synchronous 1:1 
• Actions: Asynchronous 1:1
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About names:
• Resources in ROS 2 follow a name convention
• The name of a resource depends on:

• The type on name: relative, absolute or private
• The node name
• The namespace 
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Example:
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The workspace
• Approaches ROS 2 software from a static point of view
• Defines where ROS 2 software is installed and organized
• Includes tools to build, manage, and launch the computation graph
• Encompasses the build system, package structure, and node startup tools
• Key Elements

• Workspace:
• Directory that contains one or more packages
• Must be built and sourced to be usable
• Supports underlays and overlays for layered developments

• Packages:
• Minimum functional unit of ROS 2 software
• Contains executables, libraries, configs, or message definitions for a common purpose
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The workspace
• The workspace is a folder that contains packages (e.g., named my_ws)
• These packages are under src folder:

• To build the workspace, we must activate ROS (underlay) and compile:

• After building, these folders are created:

$ cd ~/my_ws
$ source /opt/ros/jazzy/setup.bash
$ colcon build --symlink-install
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The workspace
• After build the workspace, we must activate it (overlay):

• This command makes your packages available to ROS 2 tools and terminals
• You must do this every time you open a new terminal or add it to your .bashrc
• Now, you can run your packages directly or using a launch file:

$ source ~/my_ws/install/setup.bash

$ ros2 run my_robot_pkg my_node
$ ros2 launch my_robot_pkg my_launch_file.launch.py
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The workspace
• Finally, a typical ROS 2 workspace looks like this after building:

• Layers:
• Underlay: The base workspace (e.g., system-installed ROS 2, or another built workspace)
• Overlay: A custom workspace on top, which can override or extend the underlay
• When sourced (source install/setup.bash), ROS 2 searches the overlay first for 

packages and falls back to the underlay if not found
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Packages
• A package is the smallest buildable and reusable unit in ROS 2
• It groups together code, nodes, libraries, config files, and message definitions for 

a specific purpose:



Workspace

30/06/2025ROS 2 & ROBOT PROGRAMMING 19 / 63José Miguel Guerrero Hernández

Packages
• package.xml file: Metadata & Dependencies

• Package name, version, description, maintainer
• Build and run dependencies
• License and export info
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Packages
• CMakeLists.txt file: Build logic

• The build system (ament_cmake, ament_python, etc.)
• What to compile, include, and install
• Dependencies and targets
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Hands on!
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How to install ROS 2
• From binary packages
• From source

https://docs.ros.org/en/jazzy/Installation.html

https://docs.ros.org/en/jazzy/Installation.html
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Today
• Follow repo steps: 

• https://github.com/IntelligentRoboticsLabs/docker_infrastructure
• Linux users:

• Local (Ubuntu 24.04): install ROS 2 and run script
• Docker: build the docker or download it

• Other users:
• Docker: download it

https://github.com/IntelligentRoboticsLabs/docker_infrastructure


Docker environment (Linux)
• Run the prepared Docker (./run_docker) container for the course, which includes:

• ROS 2, simulation tools, pre-configured workspace

• Check the container status (docker container ls):
• When the status appears as healthy, it means the ROS 2 environment is 

running correctly inside Docker

• Once the container is healthy:
• Open your browser and go to: http://localhost:6080

Docker
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$ docker run -p 6080:80 --privileged --name school -d jmguerreroh/school:ubuntu24

http://localhost:6080/


Docker environment
• To stop the docker:

• To run the docker again:

Docker
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$ docker stop school

$ docker start school



Docker environment
• The container includes a ROS 2 workspace: ~/ros2_ws
• This ws contains all the packages needed to launch the Mirte robot simulation
• The simulation is provided by the mirte_simulator package
• To launch the environment, run:

• This command starts the Mirte robot simulation, including the robot model, 
world, and controllers

Docker
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$ ros2 launch mirte_gazebo mirte_simulation.launch.py



Docker environment
• Move the robot:

Docker
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$ ros2 topic pub /cmd_vel geometry_msgs/msg/Twist "{linear: 
{x: 1.0, y: 0.0, z: 0.0}, angular: {x: 0.0, y: 0.0, z: 0.0}}"
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First steps in Terminal
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Packages
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Running a ROS 2 program
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Running a ROS 2 program
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Running a ROS 2 program
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Running a ROS 2 program
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Interfaces
• Define the data structure and communication types used between nodes:

• Messages (.msg) for topic-based data exchange
• Services (.srv) for request-response patterns
• Actions (.action) for long-running goals with feedback and result
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Inspect a topic



Running a listener

ROS2Cli
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RQT tools
• GUI-based utilities to visualize, monitor, and debug topics, nodes, parameters…

ROS2Cli
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RViz2
• Open a new terminal and enter the command to open RViz2

* Sometimes is necessary to source the workspace to access different messages and paths:

• The next window will be open:

RViz2
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$ rviz2

$ source ~/ros2_ws/install/setup.bash



RViz2: Interface overview
1. Monitors

• Visual elements that render data in 
the 3D world

• Each monitor may include adjustable 
options in the Display panel

2. Toolbar
• Provides quick access to tools (e.g., 

Move Camera, Select, Measure)
• Supports interaction with the scene or 

loaded data

RViz2
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RViz2: Interface overview
3. 3D View (Central Panel)

• Main visualization area
• Displays sensor data, robot models, 

environments, and paths in 3D
4. Time display panel

• Shows System Time and ROS Time
• Useful for simulation vs real-time 

debugging
5. View control panel

• Allows users to change observation 
angles

• Includes pre-set views (Top, Side, 
Orbit, etc.)

RViz2
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RViz2: Global options
• Key Parameters:

• Fixed Frame
• The reference coordinate frame for all visualized data
• Chosen from available TF frames (combo box)
• Common choices: map or odom

• Frame Rate
• Controls how often the 3D view is refreshed
• Recommended values: 30 or 60 FPS for smooth rendering

RViz2
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RViz2: Grid plugin
• Used to visualize a reference grid on the floor or other planes, helping to orient 

objects in 3D space
• Key Parameters:

• Reference Frame: Coordinate frame for the grid (usually the Fixed Frame)
• Plane Cell Count: Number of grid cells along the plane axes (width and depth)
• Normal Cell Count: Cells along the axis perpendicular to the grid plane (0 for flat floors)
• Cell Size: Dimensions of each grid cell in meters
• Plane: Axes defining the grid's plane (e.g., XY, XZ, YZ)

RViz2
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RViz2: Robot model plugin
• Displays the robot’s 3D model based on its URDF
• Useful for checking link/joint positions and transformations in real time
• Key Parameters:)

RViz2
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• Visual Enabled: Show/hide the 
robot's 3D model

• Description Source: load the 
model from:
• File: Local URDF file
• Topic: ROS topic (e.g., 

/robot_description)
• Links Tree: View link/joint 

hierarchy relative to Fixed Frame



RViz2: TF plugin
• Visualizes the TF tree (positions & orientations 

of frames), critical for understanding the 
robot’s structure in real time

• Key Parameters:
• Show Names – Display frame names in 3D
• Show Axes – Show X/Y/Z orientation axes
• Show Arrows – Visualize frame connections
• Marker Scale – Resize TF visuals for clarity
• Update Interval – Set refresh rate (0 = always)

• Toggle individual frames to reduce clutter and 
focus on what matters

RViz2
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RViz2: Adding displays
• By default, Global Options and Grid are loaded
• To add more displays, click the “Add” button at 

the bottom of the Displays panel
• You can also add displays directly by selecting 

topics from the By topic tab
• Common additions include:

• Camera
• PointCloud2
• Marker / MarkerArray (for visual markers)

• Use displays to visualize real-time data from 
your robot’s sensors and systems

RViz2
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Developing time!



Package creation
• You can create manually or using pkg create

First program
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$ cd ~/my_ws/src
$ ros2 pkg create --build-type ament_cmake --dependencies rclcpp std_msgs \

--node-name my_node my_robot_pkg



Files
• package.xml and CMakeLists.txt

First program
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Make a node
• Class MyNode
• Inherit from 
rclcpp::Node

• RCLCPP_* to show 
messages

• main function
• Create nodes
• Spin nodes

First program
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Spin nodes and callbacks
• ROS 2 nodes must be spun to process incoming data
• rclcpp offers three spinning options depending on how you want to handle

callbacks
• A callback is a function automatically executed in response to an event, like

receiving a message or a timer expiring
• In ROS 2, callbacks are often used in subscriptions, services, and timers

First program
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Spin nodes and callbacks
1. rclcpp::spin(node);

• Spins forever (loop), blocking the thread
• Processes all callbacks as they arrive
• Best for standalone ROS nodes

2. rclcpp::spin_some(node);
• Non-blocking, returns immediately
• Processes only ready callbacks
• Ideal for integration with other event loops (e.g., GUI, game loop)

3. rclcpp::spin_once(node);
• Blocks briefly (default: 100ms)
• Waits, then processes available callbacks
• Useful for periodic polling

First program
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Build and run

First program
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$ colcon build --symlink-install --packages-select my_robot_pkg
$ source install/setup.bash

$ ros2 run my_robot_pkg my_node
[INFO] [1750752397.513274473] [my_node]: Node my_node has been created
^C[INFO] [1750752403.438272160] [rclcpp]: signal_handler(signum=2)
[INFO] [1750752403.439806346] [my_node]: Node my_node is being destroyed

$ ros2 node list
/my_node



Publisher
• Inherit from rclcpp::Node 

helps to organize better 
your code

• Control execution cycle 
internally with timers

Publisher
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Publisher

Publisher
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$ ros2 run publisher_example publisher_example

[INFO] [1750753580.683567996] [publisher_node]: Publishing: '0'
[INFO] [1750753581.183693278] [publisher_node]: Publishing: '1'
[INFO] [1750753581.683872955] [publisher_node]: Publishing: '2'
[INFO] [1750753582.183637578] [publisher_node]: Publishing: '3'
[INFO] [1750753582.683418684] [publisher_node]: Publishing: '4'
[INFO] [1750753583.183715430] [publisher_node]: Publishing: '5'

/counter



Subscriber
• Subscribes to a specific topic 

to receive messages 
published by other nodes

• Automatically triggers a 
callback function when a new 
message is received

• The callback processes the 
incoming data, e.g., printing 
it, storing it, or using it for 
control logic

Subscriber
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Subscriber

Subscriber
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$ ros2 run subscriber_example subscriber_example

[INFO] [1750757636.430951420] [subscriber_node]: Received: '3871'
[INFO] [1750757636.930882816] [subscriber_node]: Received: '3872'
[INFO] [1750757637.431017626] [subscriber_node]: Received: '3873'
[INFO] [1750757637.931247113] [subscriber_node]: Received: '3874'
[INFO] [1750757638.432221658] [subscriber_node]: Received: '3875'
[INFO] [1750757638.931969091] [subscriber_node]: Received: '3876'

/counter
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Your time is now



Finite State Machines (FSMs)
• Objective: Implement a reactive obstacle 

avoidance behavior using a Bump-and-Go 
strategy

• FSMs provide a simple yet effective 
method for encoding robot behaviors 
through a set of defined states and 
transitions between them

• Key Concepts:
• States represent distinct modes or behaviors  

of the system
• Transitions define the conditions under which 

the system switches from one state to another

Practical exercise
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FORWARD

TURN

BACK

obstacle 
detected

2 secs2 secs



Standard interfaces: Laser sensor

Practical exercise
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Standard interfaces: Base actuator

• Move forward

• Turn

Practical exercise
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$ ros2 topic pub /cmd_vel geometry_msgs/msg/Twist "{linear: 
{x: 1.0, y: 0.0, z: 0.0}, angular: {x: 0.0, y: 0.0, z: 0.0}}"

$ ros2 topic pub /cmd_vel geometry_msgs/msg/Twist "{linear: 
{x: 0.0, y: 0.0, z: 0.0}, angular: {x: 0.0, y: 0.0, z: 1.0}}"



Avoiding obstacles with FSM
• Bump and Go template
• Fill the gaps

Practical exercise
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/bump_go

/robot_nodes

/cmd_vel_topic/laserscan_topic
sensor_msgs/msg/LaserScan geometry_msgs/msg/Twist



30/06/2025ROS 2 & ROBOT PROGRAMMING 62 / 63José Miguel Guerrero Hernández

The CoreSense project has received funding from the European Union’s Horizon 
Europe research and innovation programme under grant agreement No. 10107054.

Thank you
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©2025 José Miguel Guerrero Hernández 
Some right reserved.

This work is licensed under a 
Creative Commons Attribution-ShareAlike 4.0 International License, 

available at https://creativecommons.org/licenses/by-sa/4.0/deed.en
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