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[Overview and purpose of the course]

This course introduces modeling and control of quadrotor UAV's, focusing on attitude dynamics and
stabilization using SO(3) representations. Students will learn how to describe, simulate, and control UAV
motion using mathematical models and numerical methods, progressing from basic mechanics to feedback
control implementation. If time allows, final sessions will extend to sensor integration and embedded
programming for real-world control.
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[Course objectives]

1. Model UAV dynamics and represent rotations using SO(3), Euler angles, and quaternions.
2. Simulate kinematics and dynamics in Matlab using numerical solvers.

3. Design and analyze PD and cascaded feedback controllers for attitude and position control.
4. Implement basic sensor fusion and real-time control concepts.

5. Extend control algorithms to embedded platforms if time permits.
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[Course schedule and contents)]

Weeks 1-2: Fundamentals and Modeling
- Overview of UAV systems and flight control concepts
- Coordinate frames, forces, and basic mechanics

Weeks 3-5: Attitude Representation (SO(3))

- Rotation matrices, Euler angles, and quaternions

- Relationship between parameterizations and gimbal lock issues
- Matlab implementation and visualization of attitude motion

Weeks 6-8: Simulation of Dynamics

- Numerical integration: Euler, RK4, ODE45

- Simulating attitude and trandlational motion

- Basic animation of UAV kinematics and dynamicsin Matlab

Weeks 9-11: Feedback Control Foundations

- Review of control systems: open loop vs. closed loop

- PD control and Coriolis cancellation for attitude stabilization
- Simulation-based state feedback control design

Weeks 12-13: Cascaded Control Structure
- Inner attitude and outer position control loops
- Tuning and performance analysis through simulation

Week 14: Experimental Applications (if time permits)
- Microcontroller interface basics (PWM, IMU data acquisition)
- Implementing PID/PD control on embedded hardware

Week 15: Final Review and Feedback
- System integration summary
- Discussion of extensions to autonomous flight
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[Course requirements]

A basic understanding of Algebra, Programming, and Mechanics is recommended to help grasp the
fundamentals of the lectures. The course content will be adapted to the class level as needed.

[Evaluation methods and policy]

Evaluation Methods and Policy:
- Attendance: 5%

- Punctuality: 5%

- Quizzes and Tests: 10%

- Midterm report: 30%

- Final report: 50%

Important Notes:
- Students who are absent more than four times will not be able to pass.
- Submission of the final report is mandatory.

(eI 2 e e o s i b




1SS 1 0o e o s i

[Textbooks]

Randal W. Beard and Timothy W. McLain  Small Unmanned Aircraft: Theory and Practice Princeton
University Press ISBN:978 0691149219

[References, etc.]

References, etc.
Brian L. Stevens, Frank L. Lewis, Eric N. Johnson  Aircraft Control and Simulation: Dynamics, Controls
Design, and Autonomous Systems Wiley-Blackwell,2015 ISBN:978 1118870983

[Study outside of class (preparation and review)]

The students are expected to read the provided materials before each class and actively ask questions after the
class about unclear points. It is also recommended that students review their class notes regularly.

[Other information (office hours, etc.)]

[Essential courses]




