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Lecture Hours: MWF 16:30 - 17:20, Room: EE 226

Instructor: Professor Stanley Ho Chan
Room: MSEE 218
Email: stanleychan@purdue.edu
Office Hours: Tuesday 4-5pm; Or by email appointment.

Course Website: https://engineering.purdue.edu/ChanGroup/ECE645.html

Reference Books:
The main textbook(s) of the course are:

1 H. V. Poor, An Introduction Signal Detection and Estimation, Springer, 1998.

2 B. C. Levy, Principles of Signal Detection and Parameter Estimation, Springer, 2008.

3 S. M. Kay, Fundamentals of Statistical Signal Processing: Estimation Theory,
Prentice Hall, 1993.

4 S. M. Kay, Fundamentals of Statistical Signal Processing: Detection Theory, Prentice
Hall, 1998.

Some very helpful references:
A. Introductory Probability and Statistics:

1 A. Leon-Garcia, Probability, Statistics, and Random Processes for Electrical

Engineering, Prentice Hall, 3rd Ed, 2008.

2 D. P. Bertsekas and J. N. Tsitsiklis, Introduction to Probability, Athena Scientific,
2nd Ed, 2008.

3 A. Papoulis and S. U. Pillai, Probability, Random Variables and Stochastic Processes,
McGraw-Hill, 2001.

B. Advanced Mathematical Statistics:

1 M. J. Schervish, Theory of Statistics, Springer, 1995.

2 W. Feller, An Introduction to Probability Theory and Its Applications, vol.1, vol.2,
Wiley, 1968.

C. Advanced Linear Algebra:

1 T. K. Moon and W. C. Stirling, Mathematical Methods and Algorithms for Signal

Processing, Prentice Hall, 1999.

2 C. Meyer, Matrix Analysis and Applied Linear Algebra, SIAM, 2001.

https://engineering.purdue.edu/ChanGroup/ECE645.html


Catalog Description:

This course presents the basics of estimation and detection theory that are commonly
applied in communications and signal processing systems. Applications in communications
and signal processing will be considered throughout.

Pre-requisites: ECE 600 Random Variables and Signals

Course FAQ:

1. What is this course about? ECE 645 is a graduate level course in statistical
signal processing. There are three main parts of the course: (1) Detection Theory;
(2) Estimation Theory; (3) Computational Methods. Historically, statistical signal
processing is evolved from communication theory (at least it is how I first learned the
material.) What it means is that you will see a lot of classical applications in
communication, e.g., radar and sonar where you want to detect something. However,
as the field evolves, it becomes more blurry to differentiate statistical signal
processing from other fields such as applied statistics + computer science (aka
machine learning), sparse signal recovery (aka compressed sensing), and large-scale
computation (aka “big data”). Because of the breath of statistical signal processing,
my goal is not to tell you every single technique. Rather, my goal is to provide you a
foundation that could let you step upon and go further to new areas. From time to
time I will mention some applications in machine learning and image processing,
along with other interesting stuff.

2. What are the course objectives? Every student comes to ECE 645 for a different
reason, and with a different background. My teaching objective is to help you
achieve the followings:

• Be able to tell what detection and estimation are.

• Know the existence of a set of statistical tools, and have a general idea of how
to apply these tools.

• Be very familiar with one sub-topics of the course through the note writing
exercise.

• Be able to apply detection and estimation theory to a real problem through the
project.

3. Shall I take this course? ECE 645 has some overlap with STAT 528 (Introduction
to Mathematical Statistics) and ECE 662 (Pattern Recognition). If you have already
taken those two courses and are fluent about the materials, then it is not necessary
to take ECE 645. However, you are always welcome to take the course if you want to
review and solidify your knowledge. The major difference between ECE 645 and
STAT 528 is that ECE 645 is tailored to signal processing whereas STAT 528 is a
general introduction of statistics. As compared to ECE 662, ECE 645 emphasizes
more on signal detection and parameter estimation, which is typically not discussed
in ECE 662.

4. What is the course pace? My teaching pace is fast. There are two reasons: (1)
There is just too much material to be covered in one lecture, and I have to go
through quickly; (2) I generally assume that you are very familiar with ECE 600 and
so I wouldn’t repeat those. If you feel like you are lost in the first two weeks, then it
probably means that you are not ready for the course yet.

5. Will I get a good grade? Please do not ask me questions like that. In graduate
school I expect every one to be self-motivated. If your learning objective is to get a
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high GPA, then you are in a wrong place. Please take a class that has a long history
with high GPA instead.

This is the first time I teach ECE 645 and I have no historic record for you to track.
However, my grading policy aims to give a fair reflection of your effort: If you do
your work properly, I will give you a good grade; If you want to be sloppy, it is fine
to me but please do not come to me at the end of the semester and ask for a higher
grade. For a small class like this, I am able to track everyone’s progress constantly.

6. How transferrable are the skill learned from the course? You will learn a set
of statistical methodologies and a set of theoretical techniques. Of course, in the
course we will stick to one or two classical examples. However, my experience is that
these methods are generally applicable to many other situations. For example, we
will learn a theoretical result called Cramer-Rao Lower Bound. It turns out that
CRLB can be used to establish a universal performance limit for all patch-based
image denoising algorithms, which had made a huge impact to the image processing
community.

Grades:

• Homework: This is an advanced graduate level course, and so you are expected to
learn mostly by yourself. Homework will be assigned once per 2-3 weeks, depending
on our progress. Solutions will be provided. While I do not require you to hand in
homework, you should study homework carefully if you want to learn.

• Midterm: 25%. There is one mid term exam on 3/13 (Fri) in class. The mid term is
closed-book, closed-note, electronics-free.

• Project: 50%. The project, to be done individually, allows you to have a hand-on
experience and gain in-depth knowledge in one topic of your choice in statistical
signal processing. The project will be graded on the quality of your proposal (20%),
a final report (40%) and your in-class presentation (40%).

• Lecture Note: 25%. Each student will be assigned to prepare 1-2 lecture notes in
LATEX(depending on the number of students and topics). The LATEXnote is due two
weeks after the actual lecture. Templates and guidelines are available on the course
website. Your notes will be posted online and will be read by professionals all over
the world. I will grade your notes based on quality and readability.

Academic Dishonesty:

We respect you as adults, and we expect that you are a responsible citizen. Therefore, we
ask you to be honest and ethical in the course. In that respect, any action that might give
a student unfair advantage on homework or exams will be considered dishonest. Examples
include, but are not limited to:

• Sharing information during exam;

• Using forbidden material or device during exam;

• Viewing and/or working on an exam before or after the official time allowed;

• Requesting a re-grade of work that has been altered;

• Submitting work that is not your own. (You can discuss problems with your
classmates. But you must write your own solution.)
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All cases of academic dishonesty will be reported to the Dean of Student Office, and will
result in punishment. Possible punishments include, but are not limited to, a score of zero
on work related to the cheating incident, a failing grade for the course, and, in severe
cases, expulsion from the university.

Emergency Procedure:

Purdue University is a very safe campus and there is a low probability that a serious
incident will occur here at Purdue. However, just as we receive a “safety briefing” each
time we get on an aircraft, we want to emphasize our emergency procedures for evacuation
and shelter in place incidents. Our preparedness will be critical if an unexpected event
occurs.

Purdue prepares for natural disasters or humancaused incidents with the ultimate goal of
maintaining a safe and secure campus, but in the end, emergency preparedness is your
personal responsibility. Lets quickly review the following procedures:

• To report an emergency, call 911. To obtain updates regarding an ongoing
emergency, sign up for Purdue Alert text messages, view www.purdue.edu/ea.

• There are nearly 300 Emergency Telephones outdoors across campus and in parking
garages that connect directly to the PUPD. If you feel threatened or need help, push
the button and you will be connected immediately.

• If we hear a fire alarm during class we will immediately suspend class, evacuate the
building, and proceed outdoors. Do not use the elevator.

• If we are notified during class of a Shelter in Place requirement for a tornado
warning, we will suspend class and shelter in [the basement].

• If we are notified during class of a Shelter in Place requirement for a hazardous
materials release, or a civil disturbance, including a shooting or other use of
weapons, we will suspend class and shelter in the classroom, shutting the door and
turning off the lights.

• Please review the Emergency Preparedness website for additional information.
http://www.purdue.edu/ehps/emergency_preparedness/index.html

In the event of a major campus emergency, course requirements, deadlines and grading
percentages are subject to changes that may be necessitated by a revised semester calendar
or other circumstances. In such an event, information will be provided through the course
website and through emails.
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Syllabus: (Subject to Change)

The following outline is a tentative schedule of the topics that we will cover in this course.
Date Topic Note

12-Jan Mon Course Logistics and Introduction
14-Jan Wed Review of Probability
16-Jan Fri Bayes decision theory
19-Jan Mon No Class Martin Luther King Jr. Day
21-Jan Wed Binary hypothesis testing
23-Jan Fri M-ary hypothesis testing
26-Jan Mon Trade off in false alarm and miss
28-Jan Wed Neyman-Pearson testing
30-Jan Fri Neyman-Pearson testing Initial Idea Due
2-Feb Mon ROC curve
4-Feb Wed Composite hypothesis testing
6-Feb Fri Uniformly most powerful test
9-Feb Mon Law of large number
11-Feb Wed Central limit theorem
13-Feb Fri Large Deviation Analysis
16-Feb Mon Large Deviation Analysis
18-Feb Wed Estimation of non-random parameters
20-Feb Fri Minimum variance unbiased estimator
23-Feb Mon Rao-Blackwell theorem
25-Feb Wed Sufficient statistics
27-Feb Fri Fisher Information Project Proposal Due
2-Mar Mon Cramer-Rao lower bound
4-Mar Wed Maximum likehoold estimation (MLE)
6-Mar Fri Maximum likehoold estimation (MLE)
9-Mar Mon Asymptotic normality
11-Mar Wed Efficiency of MLE
13-Mar Fri Mid term

16-Mar Mon No Class Spring Break
18-Mar Wed No Class Spring Break
20-Mar Fri No Class Spring Break
23-Mar Mon Minimum MSE Estimator (MMSE) - Scalar
25-Mar Wed Minimum MSE Estimator (MMSE) - Vector
27-Mar Fri Linear MMSE - Scalar
30-Mar Mon Linear MMSE - Vector
1-Apr Wed Maximum a posterior estimator (MAP)
3-Apr Fri Maximum a posterior estimator (MAP)
6-Apr Mon Iterative algorithms for MLE and MAP
8-Apr Wed Stein Unbiased Risk Estimator (SURE)
10-Apr Fri Kalman Filter
13-Apr Mon Application of Kalman Filter
15-Apr Wed Expectation and Maximization (EM)
17-Apr Fri Gaussian Mixture Models (GMM)
20-Apr Mon Monte-Carlo simulation
22-Apr Wed Markov-chain Monte Carlo (MCMC)
24-Apr Fri Project Presentation
27-Apr Mon Project Presentation
29-Apr Wed Project Presentation
1-May Fri Project Presentation Project Report Due
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