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AR 524: Robot Simulators

Course Code AR 524

Course Name Robot Simulators

L-T-P-C 2-0-2-3

Prerequisites Linear Algebra (IC 114) or equivalent courses, and basic programming skills

Intended for B.Tech, M.Tech, M.Tech. (R), PhD

Mutual Exclusion None

Approval 48th Senate (Mar 2026), in the B.Tech General Engineering with Al & Robotics curriculum; 64th BoA
(May 2026)

Preamble

This course provides a hands-on, concept-driven learning to robot simulation ecosystems, bridging theoretical modeling with industry-
relevant simulation workflows. Students will learn why simulators are indispensable, how robot motion and sensors are mathematically
modeled, and simulated inside state-of-the-art robotic simulators.

By integrating robot motion and sensor models for state estimation along with ROS-based programming, the course equips students
with the practical skill set required to transition seamlessly from simulation to real-world deployment. Exposure to modern simulation
platforms and workflows—including synthetic data generation, hardware-in-the-loop testing, and digital twin creation—ensures strong
alignment with current industry practices.

By the end of the course, students will acquire the knowledge and skills required to understand the role of high-fidelity digital twins,
design realistic simulation environments, and validate algorithms before hardware deployment, making them well-prepared for careers
in robotics, Physical Al, and advanced industrial automation.

Course Modules

* Foundations and Motivation of Robot Simulation: Why Robot Simulators? Concepts, advantages, types, Key Components
of Robot Simulators and Selection Criteria, Role of simulation in robotics design and validation, Synthetic Data Generation for
Physical Al and Scaleup the simulation environment using Gen2Sim. (4 Hours Theory + 2 Hours Lab)

* Robot Motion Modeling and Simulation: Unicycle, Bicycle model, Robot Jacobian and Quadcopter model, Velocity motion
model, Odometry motion model and their simulation. (6 Hours Theory + 6 Hours Lab)

* Robot Programming With ROS: Fundamentals, Architecture for ROS1 and ROS2, Publisher and Subscriber node, rostf, Rviz,
URDF Modeling and ROS Navigation Stack. (6 Hours Theory + 6 Hours Lab)

* Sensor Modeling, Calibration, Filtering, and Data Fusion: Beam range finder model, Camera model and sensor calibration,
EKF and Quantum stochastic filtering. (6 Hours Theory + 6 Hours Lab)

* Popular Robot Simulation Platforms and Digital Twins: ROS-Gazebo integration, PyBullet for manipulation and control,
AirSim for aerial robotics, CARLA for autonomous vehicles, Isaac Sim for Al-driven robotics, Environment modeling, Sim2Real
transfer considerations, HIL, and digital twins. (6 Hours Theory + 8 Hours Lab)

Text Books

1. Thrun, Sebastian, Probabilistic robotics, Communications of the ACM 45.3 (2002): 52-57.
2. Corke, Peter 1., Witold Jachimczyk, and Remo Pillat, Robotics, vision and control: fundamental algorithms in MATLAB, Vol.
73. Berlin: Springer, 2011.
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