
Introduction to the Mathematics of Medical Imaging and Measurement
Math 584, Spring 2014

TTh 10:30–12:00, DRL 4C6

Philip Gressman Office Hours:
Office: DRL 3E5C Th 4:30–5:30
gressman@math.upenn.edu or by appointment
898-7845

Course Description: In the last 25 years there has been a revolution in image reconstruction techniques in
fields from astrophysics to electron microscopy and, most notably, in medical imaging. In each of these fields
one would like to have a precise picture of a 2 or 3 dimensional object which cannot be obtained directly. The
data which is accessible is typically some collection of averages. The problem of image reconstruction is to build
an object out of the averaged data and then estimate how close the reconstruction is to the actual object. In
this course we introduce the mathematical techniques used to model measurements and reconstruct images. As
a simple representative case we study transmission X-ray tomography (CT). In this context we will cover the
basic principles of mathematical analysis, the Fourier transform, interpolation and approximation of functions,
sampling theory, digital filtering and noise analysis.

Prerequisites: Math 241 or equivalent (advanced calculus and function theory), knowledge of linear algebra,
and basic physics. Mathematically, a good litmus test can be found in the appendices of the textbook. The
materials in sections A.1-3 and B.1-8 of Epstein should be familiar.

Texts: Introduction to the Mathematics of Medical Imaging, by Charles L. Epstein, and optionally “Mathemat-
ical methods in image reconstruction” by Frank Natterer and Frank Wubbeling.

Website: Course materials will be posted on Canvas: <https://upenn.instructure.com>.

Homework: Homework will be assigned biweekly, typically due in my mailbox (in 4W1) or in my office by
2:00pm on Friday. The content of homework will vary greatly from week to week, with some assignments being
proof-based and theoretical while others are entirely computational. If you do not have programming experience
in MATLAB, Maple, Mathematica, or some other environment for mathematical and scientific computing, please
let me know immediately.

• For practical and environmental purposes, paper copies of the assignments will not be distributed; instead,
the assignments will be posted in .pdf format on the course website.

• My preference is for you to type your work and email the results (as a single file) to me rather than submit
paper copies. For assignments completed by hand please submit original copies instead of scanning and
make sure that your submitted assignments are clearly legible. Graders will have the authority to assign
no points to any work which is not easy to read.

• Late assignments will generally not be accepted.

• You are encouraged to work together on the homework and come to office hours, etc. However, homework
assignments must be written up independently, in your own words. Any significant deviations from this
rule will be considered cheating.

Research Project: Students will be asked to prepare a brief presentation (∼20 minutes) and a short companion
report (∼15 pages) on a topic of their choice (relevant to this course) as it relates to their particular fields of
interest or study. These presentations will take place during the last week of the semester. The projects may be
performed individually or in small groups. More details will follow as the semester progresses.

Exams: There will be one in-class midterm exam tentatively scheduled on Thursday, March 27th. There will
be no final exam in this course.

Approximate Schedule: We will endeavor to cover most of the material from chapters 1 through 12 of the
textbook. Each chapter will be covered in roughly two lectures.


