ECE 553 (MATH 595) Optimum Control Systems

Instructor: Efe Onaran

Email: eonaran@illinois.edu Office: #164, Coordinated Science Laboratory
Office hour: Tuesday 15:30-16:30

Teaching Assistant: Erkan Bayram

Email: ebayram2@illinois.edu Office: #157, Coordinated Science Laboratory

Course description: This is a graduate-level course on optimal control systems. It presents a
rigorous introduction to the theory of calculus of variations, the maximum principle, and the
HJB equation. The course deals mainly with general nonlinear systems, but the linear theory
will be examined in detail towards the end. Rough outline is as follows:

1. Introduction (1.5 weeks): Path optimization vs. point optimization; basic facts from
finite-dimensional optimization.

2. Calculus of variations (3 weeks): Statement, Euler-Lagrange equation, Hamiltonian
formalism and mechanics, constraints, second variation and Legendre's necessary
condition; weak and strong extrema; conjugate points and sufficient conditions.

3. The maximum principle (5 weeks): Statement of the optimal control problem;
variational argument and preview of the maximum principle; statement and proof of
the maximum principle; relation to Lie brackets; bang-bang and singular optimal
controls.

4. Hamilton-Jacobi-Bellman equation (2 weeks): Dynamic programming, sufficient
conditions for optimality, viscosity solutions.

5. LQR problems, and other topics (time permitting).

Prerequisites: ECE 515 (Linear Systems) or equivalent is the basic prerequisite. Previous or
concurrent enrollment in ECE 528 (Nonlinear Systems) is desirable. Proficiency in
mathematical analysis, at the level of Math 447 or a course where analysis is used (such as
ECE 490 or 528), is also essential. Students with a strong mathematical background
(functional analysis, differential equations) but without prior knowledge of control theory are
also welcome.

Text: D. Liberzon, Calculus of Variations and Optimal Control Theory: A Concise Introduction,
Princeton University Press, 2012. ISBN 978-0-691-15187-8. Library link, Preliminary copy

Grading: 7% class participation, 63% homework, 30% final exam. Discussion on homework
problems is permitted, however each student must write and submit independent solutions.
Extension to homework deadlines might be granted with instructor approval in advance.
Otherwise, late homework without such prior approval will not be accepted.


https://i-share-uiu.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma99672446512205899&context=L&vid=01CARLI_UIU:CARLI_UIU&lang=en&search_scope=MyInstitution&adaptor=Local%20Search%20Engine&tab=LibraryCatalog&query=any,contains,daniel%20liberzon
http://liberzon.csl.illinois.edu/teaching/cvoc.pdf

Academic Integrity

Students should pay particular attention to Article 1, Part 4: Academic Integrity. Read the
Code at the following URL: http://studentcode.illinois.eduy/.

Academic dishonesty may result in a failing grade. Every student is expected to review and
abide by the Academic Integrity Policy: https://studentcode.illinois.edu/articlel/part4/1-401/.
lgnorance is not an excuse for any academic dishonesty. It is your responsibility to read this
policy to avoid any misunderstanding. Do not hesitate to ask the instructor(s) if you are ever in
doubt about what constitutes plagiarism, cheating, or any other breach of academic integrity.

Mental Health

Significant stress, mood changes, excessive worry, substance/alcohol misuse or interferences
in eating or sleep can have an impact on academic performance, social development, and
emotional wellbeing. The University of Illinois offers a variety of confidential services
including individual and group counseling, crisis intervention, psychiatric services, and
specialized screenings which are covered through the Student Health Fee. If you or someone
you know experiences any of the above mental health concerns, it is strongly encouraged to
contact or visit any of the University’s resources provided below. Getting help is a smart and
courageous thing to do for yourself and for those who care about you.

e Counseling Center (217) 333-3704

e McKinley Health Center (217) 333-2700

e National Suicide Prevention Lifeline (800) 273-8255

e Rosecrance Crisis Line (217) 359-4141 (available 24/7, 365 days a year)

If you are in immediate danger, call 911.

*This statement is approved by the University of lllinois Counseling Center

Community of Care

As members of the Illinois community, we each have a responsibility to express care and
concern for one another. If you come across a classmate whose behavior concerns you,
whether in regards to their well-being or yours, we encourage you to refer this behavior to the
Student Assistance Center (217-333-0050 or http://odos.illinois.edu/community-of-
care/referral/). Based on your report, the staff in the Student Assistance Center reaches out to
students to make sure they have the support they need to be healthy and safe.


http://studentcode.illinois.edu/
https://studentcode.illinois.edu/article1/part4/1-401/
http://odos.illinois.edu/community-of-care/referral/
http://odos.illinois.edu/community-of-care/referral/

Further, as a Community of Care, we want to support you in your overall wellness. We know
that students sometimes face challenges that can impact academic performance (examples
include mental health concerns, food insecurity, homelessness, personal emergencies).
Should you find that you are managing such a challenge and that it is interfering with your
coursework, you are encouraged to contact the Student Assistance Center (SAC) in the Office
of the Dean of Students for support and referrals to campus and/or community resources.

Students with Disabilities

To obtain disability-related academic adjustments and/or auxiliary aids, students with
disabilities must contact the course instructor as soon as possible and provide the instructor
with a Letter of Academic Accommodations from Disability Resources and Educational
Services (DRES). To ensure that disability-related concerns are properly addressed from the
beginning, students with disabilities who require assistance to participate in this class should
apply for services with DRES and see the instructor as soon as possible. If you need
accommodations for any sort of disability, please speak to me after class, or make an
appointment to see me or see me during my office hours. DRES provides students with
academic accommodations, access, and support services. To contact DRES, you may visit
1207 S. Oak St., Champaign, call 217-333-1970, e-mail disability@illinois.edu or visit the DRES
website at http://www.disability.illinois.edu/. Here is the direct link to apply for services at
DRES, https://www.disability.illinois.edu/applying-services.

Disruptive Behavior

Behavior that persistently or grossly interferes with classroom activities is considered
disruptive behavior and may be subject to disciplinary action. Such behavior inhibits other
students’ ability to learn and an instructor’s ability to teach. A student responsible for
disruptive behavior may be required to leave class pending discussion and resolution of the
problem and may be reported to the Office for Student Conflict Resolution
(https://conflictresolution.illinois.edu; conflictresolution@illinois.edu; 333-3680) for
disciplinary action.

Emergency Response Recommendations

Emergency response recommendations and campus building floor plans can be found at the
following website: https://police.illinois.edu/em/run-hide-fight/. | encourage you to review
this website within the first 10 days of class.


http://www.disability.illinois.edu/
https://www.disability.illinois.edu/applying-services
https://conflictresolution.illinois.edu/
mailto:conflictresolution@illinois.edu
https://police.illinois.edu/em/run-hide-fight/

Religious Observances

Illinois law requires the University to reasonably accommodate its students' religious beliefs,
observances, and practices in regard to admissions, class attendance, and the scheduling of
examinations and work requirements. Students should complete the Request for
Accommodation for Religious Observances form should any instructors require an absence
letter in order to manage the absence. In order to best facilitate planning and communication
between students and faculty, students should make requests for absence letters as early as
possible in the semester in which the request applies.

Sexual Misconduct Reporting Obligation

The University of Illinois is committed to combating sexual misconduct. Faculty and staff
members are required to report any instances of sexual misconduct to the University’s Title IX
and Disability Office. In turn, an individual with the Title IX and Disability Office will provide
information about rights and options, including accommodations, support services, the
campus disciplinary process, and law enforcement options.

A list of the designated University employees who, as counselors, confidential advisors, and
medical professionals, do not have this reporting responsibility and can maintain
confidentiality, can be found here: wecare.illinois.edu/resources/students/#confidential.

Other information about resources and reporting is available here: wecare.illinois.edu.


https://cm.maxient.com/reportingform.php?UnivofIllinois&layout_id=19
https://cm.maxient.com/reportingform.php?UnivofIllinois&layout_id=19
https://wecare.illinois.edu/resources/students/#confidential
https://wecare.illinois.edu/

