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Course Obijectives

e Introduce the fundamental principles of robotics and artificial intelligence integration.

e Understand robot perception, localization, mapping, motion planning, and control using Al
algorithms.

e Apply machine learning and deep learning techniques in robotic environments.

o Explore the use of reinforcement learning, behavior-based Al, and neural networks in
autonomous robots.

e Enable students to build intelligent robots that can perceive, learn, and adapt to dynamic
environments.

Course Outcomes

e Demonstrate an understanding of how Al techniques are applied in robot control and
autonomy.

e Apply vision, perception, and sensor fusion techniques for real-time robotic applications.

e Implement path planning and navigation algorithms in dynamic environments.

¢ Analyze and apply learning-based models such as reinforcement learning and deep neural
networks in robotics.

e Evaluate Al-enabled robotic systems based on their performance, efficiency, and adaptability.

UNIT I — Fundamentals of Robotics and Al
Introduction to Robotics: Types and Components, Overview of Artificial Intelligence and Machine

Learning, Relationship between Robotics and Al, Sensors and Actuators in Robotics, Embedded
Systems and Microcontrollers in Robotics, Architecture of Autonomous Robots, Programming Tools:
ROS (Robot Operating System), Python, C++, Applications of Al in Robotics — Overview

UNIT Il — Perception and Sensor Fusion
Computer Vision for Robotics: Basics and Techniques, Depth Sensing, RGB-D Cameras, LIDAR,

and Ultrasonic Sensors, Feature Extraction and Object Recognition, Kalman Filter and Extended
Kalman Filter, Particle Filter and Sensor Fusion Techniques, SLAM (Simultaneous Localization and
Mapping) — Concepts, Visual SLAM and LiDAR-based SLAM, 3D Mapping and Scene
Reconstruction.

UNIT Il — Motion Planning and Navigation
Path Planning Algorithms — Dijkstra, A*, RRT, Obstacle Detection and Avoidance, Robot Kinematics

and Dynamics, Trajectory Generation and Optimization, Localization Techniques — GPS, Wi-Fi,
Odometry, Autonomous Navigation in Indoor and Outdoor Environments, Multi-Robot Coordination
and Swarm Intelligence, Integration of Perception and Planning Systems

UNIT IV - Al Techniques in Robotics
Supervised and Unsupervised Learning for Robotics, Neural Networks and Deep Learning Models for

Robot Vision, Reinforcement Learning — Q-Learning and Deep Q Networks, Policy Gradient and
Actor-Critic Methods, Behavior-Based Robotics and Finite State Machines, Imitation Learning and
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Learning from Demonstration, Transfer Learning for Robotic Tasks, Safety and Generalization in Al
Models for Robots

UNIT V — Advanced Applications and Ethical Considerations
Humanoid and Service Robots with Al, Al in Industrial, Healthcare, and Assistive Robotics, Edge Al

and Real-Time Inference in Robots, Human-Robot Interaction and Social Intelligence, Autonomous
Vehicles and Delivery Drones, Al in Robotics Competitions (RoboCup, DARPA), Ethical Issues in
Al-Enabled Robotics, Future Trends: Neuromorphic and Quantum Robotics

Textbooks

1. "Artificial Intelligence for Robotics" by Robin R. Murphy
2. "Probabilistic Robotics" by Sebastian Thrun, Wolfram Burgard, Dieter Fox
3. "Introduction to Autonomous Robots" by Nikolaus Correll, Bradley Hayes, et al.

Reference Books

1. "Robot Operating System (ROS) for Absolute Beginners" by Lentin Joseph

2. "Modern Robotics: Mechanics, Planning, and Control" by Kevin M. Lynch and Frank C. Park
3. "Learning for Adaptive and Reactive Robot Control" by Aude Billard, Jean-Jacques Slotine
4. |EEE Transactions and Springer Journals on Robotics and Intelligent Systems

Online Courses

1. Al for Robotics — Udacity (by Sebastian Thrun)
2. Modern Robotics: Mechanics, Planning, and Control — Coursera (Northwestern University)


https://www.coursera.org/specializations/modernrobotics

