
C++ for Robotics Engineering (Foundations to ROS2 

Implementation) 

 

Course Description 

This course provides a structured pathway for experienced software professionals transitioning 

into robotics software engineering using C++ and ROS2. The training focuses on developing 

strong modern C++ programming skills required in robotics systems and applying them in real 

robotics software architectures using ROS2. 

Participants begin by refreshing core C++ concepts with a robotics-oriented perspective and 

gradually move into advanced topics such as memory management, RAII, smart pointers, move 

semantics, concurrency, and debugging techniques. The course emphasizes writing safe, 

efficient, and production-quality modern C++ code. 

The program then transitions into robotics application development using ROS2 with C++ 

(rclcpp). Learners will develop ROS2 nodes, implement publishers, subscribers, services, and 

actions, and understand system-level architecture patterns such as executors, callback groups, 

plugin-based architectures, navigation stack integration, and behavior tree systems. 

Hands-on labs and implementation exercises form the core of the training. The program 

concludes with a capstone robotics software project, where participants develop a complete 

ROS2-based robotics component demonstrating real-world robotics engineering capability. 

 

Audience Profile 

This course is designed for: 

• Software engineers transitioning into robotics engineering roles 

• Robotics and AI graduates who want to strengthen C++ programming skills 

• Developers with Python robotics experience who need C++ capability for robotics jobs 

• Engineers interested in ROS2-based robotics software development 

• Professionals aiming to work on robotics middleware, autonomy systems, or robot 

software stacks 

 



Prerequisite 

Essential 

• Programming experience in any object-oriented language 

• Basic command-line familiarity 

• Basic understanding of Linux environments 

Recommended 

• Prior exposure to robotics concepts 

• Basic understanding of Python programming 

• Familiarity with Ubuntu or Linux-based systems 

 

Course Objective 

By the end of this course, participants will be able to: 

• Write, debug, and structure production-quality modern C++ robotics code 

• Understand and apply modern C++ concepts including RAII, smart pointers, move 

semantics, STL, and concurrency 

• Build and manage C++ projects using CMake 

• Debug complex C++ applications using tools such as gdb and sanitizers 

• Develop robotics applications using ROS2 C++ (rclcpp) 

• Implement publishers, subscribers, services, and actions in ROS2 

• Design scalable robotics software using executors, callback groups, and plugin 

architectures 

• Integrate custom components into the ROS2 Navigation stack (Nav2) 

• Extend robotics behavior using behavior trees 

• Implement sensor processing pipelines in ROS2 systems 

• Build and demonstrate a complete robotics software component using ROS2 and C++ 
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• Lambda expressions and functional patterns 

• Strongly typed enumerations (enum class) 

• override and final specifiers 

• =delete and =default usage 

• Structured bindings 

• std::optional and std::variant 

• constexpr for compile-time computation 
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