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DE NEED518 Control and Navigation of Autonomous Vehicles 3 0 0 3 

 

Course Objective 

 The course aims at familiarizing students with the dynamical modelling of various 

autonomous vehicles and their associated control problems in different practical 

applications. 

Learning Outcomes 

Upon successful completion of this course, students will learn: 

 The dynamical modelling of various autonomous vehicles and control design techniques.  

 Path-planning methods of these vehicles. 

 

Unit 

No. 
Topics to be covered 

Lecture 

Hours 
Learning Outcome 

1 

Preliminaries on Systems Theory: Introduction to 

graph theory, optimization, stability theory for 

dynamical systems. 

5L 

Understanding the preliminaries 

of dynamical systems.  

2 

Mechanics of Rigid Body and Modelling 

Background: Body and inertial reference frames, 

rigid body motion, degrees of freedom, motion 

constraints, kinematic model, dynamic model, 

Lagrange and Newton-Euler formulations. 

6L 

Understanding the modelling 

techniques of autonomous 

vehicles.  

3 

Autonomous Ground Vehicles: Modelling and 

control of differential-drive and steering wheel drive 

vehicles, longitudinal and lateral dynamics of 

ground vehicles, control of longitudinal and lateral 

dynamics, cooperative control of ground vehicles. 

10L 

Understanding modelling and 

control of autonomous ground 

vehicles 

4 

Autonomous Aerial Vehicles: Dynamics of 

quadcopter and hexacopter, helicopter and fixed-

wing aerial vehicles. Hovering control of aerial 

vehicles, attitude control, trajectory tracking in all 

three dimensions, cooperative control of aerial 

vehicles. 

11L 

Understanding the modelling and 

control of autonomous aerial 

vehicles 

5 

Path Planning: Motion-planning primitives, 

planning scenarios. Basics of optimal control, 

optimization-based planning, sampling-based 

planning, graph theoretic heuristics in path planning, 

model predictive control-based path planning. 

10L 

Understand various path-planning 

methods of these vehicles 

 Total 42L  

 

Textbook: 

1. R. Rajamani, “Vehicle Dynamics and Control”, Springer, 2012. 
 

Reference book: 

1. S. M. LaValle, “Planning Algorithms”, Cambridge University Press, 2006. 

2. R. M. Murray, Z. Li, S.S. Sastry, “A Mathematical Introduction to Robotic Manipulation”, CRC 

Press, 1994. 

3. Quan Quan, “Introduction to Multicopter Design and Control”, Springer, 2017. 

 


