Rensselaer Polytechnic Institute - Electrical, Computer, and Systems Engineering

ECSE 4962 and ECSE 6964 
Computational Methods and Algorithms in Imaging 
Fall 2009
Class Time: 
Tue and Fri 10:00 – 11:20pm (JEC 4107)

Instructor: 
Prof. Birsen Yazici,     


Office: Jonsson Engineering Bldg. JEC 7008

E-mai:  yazici@ecse.rpi.edu
Phone: (518) 276 - 2905

Office Hours: Tue. & Fri. 11:30am-12:30pm or by appointment

Teaching assistant: 
Not available
Course Secretary: 
Larraine Michaelides, JEC 7012, x8525.

Course web site: http://www.ecse.rpi.edu/~yazici/ECSE4962Fall09/
Text Book: Lecture notes and handouts.

Prerequisites:  The following courses or their equivalent are prerequisite to ECSE 4962: Math I and II, Physics I and II and Math-2400, ECSE 2100 Fields and Waves, ECSE 2410 Signals and Systems, ECSE 2500 Engineering Probability or instructor’s permission.
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Course Description:

This course will introduce the field of imaging, its physical principles, methods and applications within a unifying framework that integrates diverse topics which are presented separately in different science, mathematics and engineering courses. The course will emphasize on physics of wave-based imaging, adopt a linear systems based approach to describe wave propagation in a medium and interaction with a target; and in solving the resulting image formation problem. Statistical, matrix inversion and regularization techniques, as well as analytic inversion techniques will be covered. These techniques will be introduced in the context of diverse applications. The course will prepare undergraduates as well as graduate students in computational techniques in imaging in broad domains of environmental, medical, biological, defense, civil engineering, geophysics imaging applications.
Course Objectives: 
· Introduce the field of imaging, its physical principles, methods and applications within a unifying framework that integrates diverse topics in physics, mathematics and engineering. 

· Provide mathematical foundations and fundamental understanding of image formation and sensing using electromagnetic and acoustic waves
· Cover basic analytical methods, matrix inversion and regularization methods, and statistical methods that are widely used in image formation, analysis and processing

· Prepare students in computational techniques relevant to imaging in broad domains of environmental, medical, biological, defense, civil engineering, geophysics imaging applications

Topics: 
1 : 2D Linear signals and systems
· Review of linear algebra, linear signals and systems, filtering and Fourier transform

2 : Wave Theory and Radiation Transport Theory
· Wave theory

· Electromagnetic and acoustics waves

· Radiation transport and diffusion model 

3 : Analytic Methods for Image Formation
· X-ray imaging and X-ray Computed Tomography (CT) - Radon, transform inversion 

· Emission CT - exponential Radon transform inversion, 

· Synthetic aperture imaging - Spherical averages inversion 
· Ground Penetrating radar - Diffraction tomography
4 : Algebraic Reconstruction and Regularization methods 
· Discrete matrix models

· Pseudo-inverse and singular value decomposition

· Regularization

· Iterative methods

· Application - Diffuse optical tomography 

5 : Statistical Image Reconstruction Methods 
· Bayesian approach to image formation

· Markov Random field models

· Positron Emission Tomography (PET) as a statistical inversion problem 

· Non-stationary problems
Course Organization: 
· Class presentations and handouts: will be posted each week. 

· Homework: Homework will be assigned weekly. Homework assignments are due at the beginning of class on their due date. 

· Computer assignments: The objective of the computer assignments is to explore and reinforce the concepts that are introduced in the lectures. They will be assigned on a regular basis. The due date will be posted with each assignment. Matlab will be an essential part of these assignments.
· Project: There will be final project assignment. The project will be assigned in mid semester. It will involve preparation of a report and a final presentation.
Teaming: You are encouraged to work in teams for your computer and homework assignments regarding the conceptualization of the problem and possible methods of solution. However, all computer code and final write-ups are to be completed on your own. 
Grading Policy: Final grades will be determined based on the following percentages. Homework 25%, Laboratory projects 60%, Project: 15%. 

Academic Dishonesty: Discussing problem sets is encouraged, but each student must prepare a separate solution. Academic Dishonesty (cheating, copying, etc.) will result in a severe penalty, at the discretion of the instructors, up to a grade of F for the course and reporting the incident to the dean of undergraduate students.  Please consult the student manual for details on what constitutes Academic Dishonesty.

