CMSC 848B: Computational Imaging

Fall °21
Instructor:
Christopher Metzler, metzler@umd.edu
Office: Iribe 5206
Course Overview:

By combining optics and algorithms, computational imaging systems can perform high-dynamic-range and
super-resolution imaging, reconstruct 3D structure and depth information, construct holograms, image
through fog and tissue, and even see around corners. Today, computational imaging sits at the heart of most
medical and scientific imaging systems and it is becoming an increasingly important component of various
consumer imaging systems as well.

This mixed lecture/seminar course will introduce both the optical systems and the algorithms behind
computational imaging. Monday lectures will introduce the various computational imaging systems (and
the physics behind them). Wednesday seminars and assigned readings will provide a deep dive into the
algorithms that underlie these systems' operation.

Prerequisites: Mastery of python and linear algebra required. Familiarity with deep learning and statistics
will be useful.

Course Work, Exams, and Grading: Students will be responsible for weekly readings and will take turns
presenting papers as if they were their own (20% of grade). There will be a single programming
assignment (20% of grade). Students will complete a semester-long group project on a computational
imaging topic of their choice (30% of grade). There will also be a midterm exam (30% of grade).

Late Policy: The class requires that every student takes turns preparing and presenting lectures.
Accordingly, an unexcused absence during your turn to present will result in failure of the course. If
you’re going to be out of town during your time to present, please contact me at least two weeks
beforehand so that another student can be scheduled. Similarly, if unable to present due to illness,
please let me know as soon as possible.

Final Project: The final project will be due in early December. The deadline will likely coincide with the
ICCP 2022 submission deadline.

Midterm Exam: The course will have a mid-term exam.

Piazza: We will be using Piazza (www.piazza.com), a question-and-answer system designed to streamline
discussion outside of the classroom.

ELMS: Lecture slides and grades will be posted to ELMS.



Disability Support Services: Any student eligible for and requesting reasonable academic
accommodations due to a disability is requested to provide, to the instructor via email, a letter of
accommodation from the Office of Disability Support Services (DSS) within the first two weeks of
the semester.

Course Evaluations: The Department of Computer Science takes the student course evaluations very
seriously. Evaluations will usually be open during the last few weeks of the course. Students can go
to www.courseevalum.umd.edu to complete their evaluations.

Copyright: Students are permitted to use course materials for their own personal use only. Course materials
may not be distributed publicly or provided to others (excepting other students in the course), in any
way or format.

Class Concerns: If you have any class concerns, feel free to contact the instructor. If an issue arises with
the instructor, report it using the form available at https://www.cs.umd.edu/classconcern

Covid: If you haven’t already, please get vaccinated!! President Pines provided clear expectations to the
University about the wearing of masks for students, faculty, and staff. Face coverings over the nose
and mouth are required while you are indoors at all times. There are no exceptions when it comes to
classrooms and laboratories. Students not wearing a mask will be given a warning and asked to wear
one, or will be asked to leave the room immediately. Students who have additional issues with the
mask expectation after a first warning will be referred to the Office of Student Conduct for failure to
comply with a directive of University officials.

The above information may be out of date. Please follow the latest university guidance.

Syllabus: This is the current version of the syllabus. The instructors reserve the right to change it at any
time.

Office Hours: By appointment.


https://www.cs.umd.edu/classconcern
https://today.umd.edu/articles/umd-reinstate-indoor-mask-mandate-following-county-guidance-653e50ac-9f0e-4842-aacb-edb433dab24a

Topics: The following is a tentative list of topics and readings in approximate order.

System Topics and Lectures

Algorithm Topics and Papers

o Digital photography

e Pinholes, lenses, optics  and
aberrations

e Exposure and high-dynamic-range
imaging

¢ Noise modeling and calibration

o Focal stacks and depth from defocus

e Coded photography

o Compressive sensing and ghost
imaging

o Fourier optics 101

e Ptychography and phase retrieval

o Holography and interferometry

e Speckle-based imaging

e Structured light

e Time-of-flight imaging

e Non-line-of-sight imaging

e NLM, BM3D, DnCNN, ...
e PnP ADMM, One net to solve them all,

e Tuning-free PnP, Hypernetworks, ...

e Noise2noise, Noise2void, ...

e Deep image prior, double-DIP, ...

¢ Neural rendering fields and extensions

e Computational imaging with deep
generative models

e CryoGAN

e On the instability of DL for imaging

e Light cone transform and phasor fields

e End-to-end design of optics and
algorithms

e Deep correlation imaging, deep inverse
correlography

e All photon imaging




