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ASEN 5519 Small Uncrewed Aircraft System Guidance, Navigation, 

and Control 

Spring 2023 Syllabus 

Lecture: AERO 114 Tuesday and Thursday, 11:30 am – 12:45 pm 

Instructor 

Email: eric.frew@colorado.edu 
Prof. Eric Frew 
Office: AERO 269 
 Hours: TBD 

Text 
Required: Small Unmanned Aircraft: Theory and Practice 

by Randal W. Beard and Timothy W. McLain 
https://github.com/randybeard/uavbook  
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The final third of the course will investigate the impact of wind on aircraft guidance and control. 
Aircraft dynamics and aerodynamics will be revisited in order to derive where spatial- and time-
varying winds enter into the aircraft equations of motion. Gust sensitivity will be discussed as 
well as static and dynamic soaring concepts whereby the aircraft can gain energy under certain 
flight conditions. 

Students will develop an aircraft simulation capability in order to demonstrate the topics covered 
during the course. By the completion of the course students will have a complete nonlinear 
simulation of an aircraft under closed-loop guidance and control in wind. 

Topics covered in this course include: 
1. Introduction
2. Coordinate Frames
3. Kinematics and Dynamics
4. Forces and Moments
5. Linear Design Models
6. Autopilot Design
7. Nonlinear Design Models
8. Waypoint and Orbit Following
9. Sensors
10. State Estimation
11. Wind Models
12. Equations of Motion in Wind
13. Soaring Concepts and Wind Energy Extraction
14. System Identification and Flight Test Model Verification

Course Grading 
20% Homework 
30% Exam 1 
30% Exam 2 
20% Final Project 

Grades for the overall course are set based on the following criteria. !"#$%&'$(')(*'+(""%&,()$'
*(',"%-&,%+./.%$'"#)0%&'(/'&+("%&1 

A, A- Demonstrates superior understanding of the material beyond the course 
requirements, excellent technical work 

B+, B Demonstrates comprehensive understanding of the material, very strong technical 
work 

B-, C+ Demonstrates good understanding of the material, complete technical work 
C Demonstrates adequate understanding of the material to proceed to the next level; 

sufficient technical work 
C- Does not demonstrate adequate understanding of the material to proceed to the next

level
D Poor technical work
F Unsatisfactory performance
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Homework Policy 
Homework will be assigned each Thursday and will be due the following Thursday in class. 
Students are allowed to collaborate with one another on the homework; however, each student 
must submit his own work. 

Exams 
Exams will be open note, open book take home exams. Exam 1 will cover the first half of the 
course (Topics 1 – 6). Exam 2 will focus on material from the second half of the course.  

Final Project 
This course will have a final project in place of a final exam. The project will require students to 
implement concepts or topics based on material presented in the course, and then submit a final 
paper describing the results. The main mechanism for disseminating research into the broader 
scientific community is through conference and journal p
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Requirements for COVID-19 
As a matter of public health and safety, all members of the CU Boulder community and all 
visitors to campus must follow university, department and building requirements and all public 
health orders in place to reduce the risk of spreading infectious disease. CU Boulder currently 
requires COVID-19 vaccination and boosters for all faculty, staff and students. Students, faculty 
and staff must upload proof of vaccination and boosters or file for an exemption based on 
medical, ethical or moral grounds through the MyCUHealth portal. 

The CU Boulder campus is currently mask-optional. However, if public health conditions change 
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