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Presentation Plan

Introduction to ROS 2
What is ROS2
ROS2 Architecture
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Why Do We Need Robotics Middleware?

Robotics is not about code.
It is about system architecture.

▶ A robot is a distributed system
▶ Multiple sensors
▶ Multiple control modules
▶ Parallel processing
▶ Real-time constraints
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From Monolithic Code to Modular Systems

Monolithic Approach
▶ Single main program
▶ Shared variables
▶ Tight coupling
▶ Difficult to scale
▶ Hard to debug

Modular Approach
▶ Independent components
▶ Message-based

communication
▶ Loose coupling
▶ Scalable architecture
▶ Easier testing and

maintenance
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What is ROS 2?

▶ Middleware framework for
robotics

▶ Not an operating system
▶ Communication abstraction

layer
▶ Hardware abstraction
▶ Based on DDS (Data

Distribution Service)
▶ Designed for distributed

systems

Source: picture from Ros2 wiki

ROS 2 provides a structured communication layer that enables independent
software modules to interact reliably in complex robotic systems.

dr inż. Olga Siedlecka-Lamch | Robot Programming



KI 5

ROS 1 vs ROS 2

ROS 1
▶ Central master (roscore)
▶ Limited real-time support
▶ Single-machine focus
▶ No built-in security
▶ End-of-life announced

ROS 2
▶ No central master
▶ DDS-based communication
▶ Real-time capabilities
▶ Multi-machine architecture
▶ Security support

ROS 2 was redesigned to support modern distributed and safety-critical
robotic systems.
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High-Level ROS 2 Architecture

▶ Nodes
▶ Topics
▶ Messages
▶ Services
▶ Actions
▶ Parameters
▶ Packages and

Workspaces

Source: Software Architecture Foundation, Huseyin Kutluca

ROS 2 applications are graphs of communicating processes.
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ROS 2 Nodes

▶ Independent processes
▶ Perform specific tasks
▶ Communicate via middleware
▶ Can run on different machines
▶ Form a distributed system

Example:
▶ Sensor node
▶ Control node
▶ Navigation node
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Topics and Messages

▶ Publisher / Subscriber model
▶ Asynchronous communication
▶ Many-to-many architecture
▶ Loose coupling between

components

Source: picture from Ros2 wiki

Data flows through the system via topics. Topics are typically used for
continuous data streams (e.g., sensor readings, velocity commands),

allowing multiple nodes to subscribe without direct dependencies.
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Services and Actions

Services
▶ Request / Response
▶ Synchronous communication
▶ Immediate result

Actions
▶ Long-running tasks
▶ Feedback during execution
▶ Result at completion

Services are suitable for configuration or short operations, while actions are
typically used for navigation or motion goals that require continuous feedback.
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The ROS 2 Computational Graph

▶ Nodes as vertices
▶ Topics as edges
▶ Dynamic discovery
▶ Runtime introspection

Example CLI tools:
▶ ros2 node list
▶ ros2 topic list

dr inż. Olga Siedlecka-Lamch | Robot Programming



KI 11

Packages and Workspaces

▶ Package = modular software unit
▶ Contains nodes, launch files, configuration
▶ Workspace = development environment
▶ Built using colcon

Modularity enables scalability and maintainability. This modular
structure allows developers to separate functionality into reusable

components, improving maintainability and extensibility.
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Distributed System Thinking

▶ No shared memory
▶ Asynchronous execution
▶ Message-based communication
▶ Latency considerations
▶ Fault isolation
▶ Scalability

In ROS 2, each node operates independently. Failures in one component do
not necessarily crash the entire system, which improves robustness and
enables scalable robotic architectures.
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Case Example: Simple Robot Architecture

▶ Camera node
▶ LIDAR node
▶ Localization node
▶ Navigation node
▶ Motor controller node

Camera
Node

LIDAR
Node

Localization
Node

Navigation
Node

Motor
Controller

Each node performs a specific function and communicates through topics.
The complete robot behavior emerges from the interaction of independent
modules.
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Why Simulation?

▶ Safe experimentation
▶ No hardware damage
▶ Reproducibility
▶ Faster iteration cycles
▶ Testing before deployment

Simulation is not a toy.
It is a professional development tool.
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Next Step

Simulation Setup and Environment
Configuration

In the next material, we configure the full development environment.
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