
ECE 4973/5973 – State Estimation – Fall 2026

Course Information

Time: Tuesday and Thursday 12:00 – 1:15 PM
Location: Radar Innovations Laboratory (RIL) 202 (or RIL 126 when necessary)
Instructor: Dr. Russell H. Kenney

Email: kenney@ou.edu
Phone: (405) 325-5072

Office: RIL 112
Instructor Office Hours: 2:00 – 3:30 PM Tuesdays and Wednesdays
Prerequisites: Signals and Systems (ECE 3973), Linear Algebra (MATH 3333),

Probability, Statistics, and Random Processes (ECE 2523 or equivalent)
Course Website: https://canvas.ou.edu/

Course Description

This course will focus on the mathematics and implementation of time-series state estimation algorithms, with
an emphasis on various versions of the Kalman filter. The course will cover mathematical preliminaries including
the theory of linear systems, probability theory, and least-squares estimation, followed by the linear discrete-
time Kalman filter and many practical extensions of the Kalman filter for different use cases. Time-permitting,
the course will also introduce the H∞ filter. Because many practical engineering problems involve nonlinear
dynamics such as navigation and radar target tracking, among others, the course will also present nonlinear
filtering approaches including the extended Kalman filter, the unscented Kalman filter, and the particle filter as
time allows. Emphasis will be placed on project-based learning, primarily in MATLAB, to provide a close tie
between theory and practice.

Learning Outcomes

At the completion of this course, a successful student will be capable of the following:

� Applying concepts from linear systems theory, probability theory, and estimation theory to practical engi-
neering and modeling problems

� Simulating state evolution and state measurements with multivariate noise applied during the state evolu-
tion and measurement steps

� Programming implementations of the discrete-time Kalman Filter, including practical extensions and gen-
eralizations based on system requirements

� Programming implementations of the certain nonlinear filters, such as the extended Kalman filter, the
unscented Kalman filter, and/or the particle filter

Textbook

D. Simon, Optimal State Estimation, 1st Ed., Wiley, 2006.

This textbook is not required, but the course will closely follow the outline of the book and will serve as a
reference throughout the semester, and homework problems will be assigned from the book. If any problems are
assigned from the textbook, they will be provided on the assignment. We may also pull some material from other
references throughout the semester, such as Volume I of Stephen Kay’s Statistical Signal Processing textbook.
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Homework

This will primarily be a projects-based course. However, there is a significant mathematical component to the
class, including several weeks covering preliminary material. Therefore, I intend to assign a few homework
assignments geared at building up competence and familiarity with the mathematical concepts and operations
required in the class. There may be some short MATLAB tasks assigned as problems on homework assignments.
Some homework assignments may also include the reading and summarizing of select technical articles. There
can be some flexibility with homework due dates, but you may plan to have at least one week to complete each
assignment.

Exams

After completing the preliminary material, I intend to assign a short take-home midterm exam, with the goal of
testing familiarity with the prerequisite concepts of linear systems theory, probability theory, and least-squares
estimation. This exam will be open-notes and open-book.

Projects

The majority of the assignments in this class will be projects. These projects will be completed using MATLAB.
The goal of each project will be to write one of the filtering algorithms presented in lecture and apply it to a
real-world application. The deliverables for each project will be a MATLAB program and a brief project report
describing the performance of the algorithm and any related analysis.

Grading

The grade distribution for the course will be as follows:

Homework 25%

Midterm Exam 15%

Projects 60%

Note that the undergraduate and graduate sections will be graded separately, and that students enrolled for
graduate credit (5973) may be expected to complete an additional project.

Reasonable Accommodation Policy

The University of Oklahoma (OU) is committed to the goal of achieving equal educational opportunity and full
educational participation for students with disabilities. If you have already established reasonable accommoda-
tions with the Accessibility and Disability Resource Center (ADRC), please submit your semester accommodation
request through the ADRC as soon as possible and contact me privately, so that we have adequate time to arrange
your approved academic accommodations.

If you have not yet established services through ADRC, but have a documented disability and require accom-
modations, please complete ADRC’s pre-registration form to begin the registration process. ADRC facilitates
the interactive process that establishes reasonable accommodations for students at OU. For more information on
ADRC registration procedures, please review their Register with the ADRC web page. You may also contact
them at (405) 325-3852 or adrc@ou.edu, or visit www.ou.edu/adrc for more information.

Note: disabilities may include, but are not limited to, mental health, chronic health, physical, vision, hearing,
learning and attention disabilities, pregnancy-related. ADRC can also support students experiencing temporary
medical conditions.

Academic Integrity

I encourage you to work in study groups on the homework, as I believe that doing so can be very beneficial
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for learning so long as everyone participates. Furthermore, it is acceptable to discuss the projects with other
students. However, there is a difference between working and discussing together and simply copying answers or
code from another person’s work – all work submitted for a grade must be your own.

The Provost’s web pages include information on expectations for academic integrity. Please review the ma-
terial at http://integrity.ou.edu/students guide.html. It is the aim of the faculty of the University of Oklahoma
to foster a spirit of complete honesty and a high standard of integrity as well as academic excellence. Any
attempt by students to present as their own any work that they have not honestly performed is regarded by the
faculty and administration as a serious offense and renders the offenders liable to serious consequences, possibly
suspension.

Generative AI Policy

I believe that AI can be a useful tool in many ways, increasing productivity and making it easier to find and
communicate information. However, AI is also often used to circumvent the learning process, and in many cases
used to write computer programs and code. A significant component of this class will be programming in MAT-
LAB, and I believe that there is significant educational value in writing all code yourself without the help of an
AI, since writing the code yourself requires an understanding of the concepts being applied. Therefore, the use of
generative AI tools (including but not limited to ChatGPT, Gemini, Claude, etc.) is prohibited for programming
and report writing in this class. If you wish, you may use grammar/spell-checking AI such as Grammarly to help
proofread your written work, such as project reports, but the use should be limited to proofreading rather than
actual writing. Your work will be graded based on technical correctness and not on writing style or grammatical
correctness, so you should not feel as if an AI is needed to write effectively for the sake of your grade. If you
have any questions about this policy or what counts as Generative AI, please talk with me.

Consequences for Violating the Generative AI Usage Policy: Any usage of Generative AI in this course,
apart from grammar/spell-checking, may be considered a violation of the academic integrity policy for this course
and could result in a zero for an assignment or a failing grade in the course.

My Usage of Generative AI: Just as I am asking you not to use Generative AI, I will not use Genera-
tive AI to aid in my teaching, grading, or in my communication with you.

Religious Observances

It is the policy of the University to excuse absences of students that result from religious observances and to
reschedule examinations and additional required classwork that may fall on religious holidays, without penalty.
It is the responsibility of the student to make alternate arrangements with the instructor as soon as possible
during the semester.

Title IX Resources and Reporting Requirements

The University of Oklahoma faculty are committed to creating a safe learning environment for all members of our
community, free from gender and sex-based discrimination, including sexual harassment, domestic and dating vi-
olence, sexual assault, and stalking, in accordance with Title IX. There are resources available to those impacted,
including: speaking with someone confidentially about your options, medical attention, counseling, reporting,
academic support, and safety plans. If you have (or someone you know has) experienced any form of sex or
gender-based discrimination or violence and wish to speak with someone confidentially, please contact OU Ad-
vocates (available 24/7 at 405-615-0013) or University Counseling Center (M-F 8 a.m. to 5 p.m. at 405-325-2911).

Because the University of Oklahoma is committed to the safety of you and other students, and because of
our Title IX obligations, I, as well as other faculty, Graduate Assistants, and Teaching Assistants, are mandatory
reporters. This means that we are obligated to report gender-based violence that has been disclosed to us to
the Institutional Equity Office. This means that we are obligated to report gender-based violence that has been
disclosed to us to the Institutional Equity Office. This includes disclosures that occur in: class discussion, writing

3

http://integrity.ou.edu/students_guide.html
https://www.ou.edu/advocacyandeducation/ou-advocates
https://www.ou.edu/advocacyandeducation/ou-advocates
http://ou.edu/ucc


assignments, discussion boards, emails and during Student/Office Hours. You may also choose to report directly
to the Institutional Equity Office. After a report is filed, the Title IX Coordinator will reach out to provide
resources, support, and information and the reported information will remain private. For more information re-
garding the University’s Title IX Grievance procedures, reporting, or support measures, please visit Institutional
Equity Office at 405-325-3546.

Adjustments for Pregnancy/Childbirth Related Issues

Should you need modifications or adjustments to your course requirements because of documented pregnancy-
related or childbirth-related issues, please contact me and/or the Accessibility and Disability Resource Center
at 405-325-3852 as soon as possible. Also, see the Institutional Equity Office FAQ on Pregnant and Parenting
Students’ Rights for answers to commonly asked questions.

Final Exam Preparation Period

Pre-finals week will be defined as the seven calendar days before the first day of finals. Faculty may cover new
course material throughout this week. For specific provisions of the policy please refer to OU’s Final Exam
Preparation Period policy.

Emergency Protocol

During an emergency, there are official university procedures that will maximize your safety.

Severe Weather: If you receive an OU Alert to seek refuge or hear a tornado siren that signals severe weather.

1. Look for severe weather refuge location maps located inside most OU buildings near the entrances

2. Seek refuge inside a building. Do not leave one building to seek shelter in another building that you deem
safer. If outside, get into the nearest building.

3. Go to the building’s severe weather refuge location. If you do not know where that is, go to the lowest level
possible and seek refuge in an innermost room. Avoid outside doors and windows.

4. Get in, Get Down, Cover Up

5. Wait for official notice to resume normal activities.

Additional Weather Safety Information is available through the Department of Campus Safety.

The University of Oklahoma Active Threat Guidance

The University of Oklahoma embraces a Run, Hide, Fight strategy for active threats on campus. This strategy
is well known, widely accepted, and proven to save lives. To receive emergency campus alerts, be sure to update
your contact information and preferences in the account settings section at one.ou.edu.

RUN: Running away from the threat is usually the best option. If it is safe to run, run as far away from
the threat as possible. Call 911 when you are in a safe location and let them know from which OU campus you’re
calling from and location of active threat.

HIDE: If running is not practical, the next best option is to hide. Lock and barricade all doors; turn of all
lights; turn down your phone’s volume; search for improvised weapons; hide behind solid objects and walls; and
hide yourself completely and stay quiet. Remain in place until law enforcement arrives. Be patient and remain
hidden.

FIGHT: If you are unable to run or hide, the last best option is to fight. Have one or more improvised weapons
with you and be prepared to attack. Attack them when they are least expecting it and hit them where it hurts
most: the face (specifically eyes, nose, and ears), the throat, the diaphragm (solar plexus), and the groin.
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Please save OUPD’s contact information in your phone.

NORMAN campus: For non-emergencies call (405) 325-1717. For emergencies call (405) 325-1911 or dial 911.

TULSA campus: For non-emergencies call (918) 660-3900. For emergencies call (918) 660-3333 or dial 911.

Fire Alarm/General Emergency

If you receive an OU Alert that there is danger inside or near the building, or the fire alarm inside the building
activates: 1. LEAVE the building. Do not use the elevators. 2. KNOW at least two building exits 3. ASSIST
those that may need help. 4. PROCEED to the emergency assembly area. 5. ONCE safely outside, NOTIFY
first responders of anyone that may still be inside building due to mobility issues. 6. WAIT for official notice
before attempting to re-enter the building.

OU Fire Safety on Campus

Mental Health Support Services

Support is available for any student experiencing mental health issues that are impacting their academic success.
Students can either been seen at the University Counseling Center (UCC) located on the second floor of Goddard
Health Center or receive 24/7/365 crisis support from a licensed mental health provider through TELUS Health.
To schedule an appointment or receive more information about mental health resources at OU please call the
UCC at 405-325-2911 or visit the University Counseling Center. The UCC is located at 620 Elm Ave., Room
201, Norman, OK 73019.
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