92.549
Math of Tomography


Computerized tomography involves the use of mathematical models and algorithms to reconstruct images of objects from data obtained by remote sensing. Well known examples in medical imaging include x-ray transmission tomography, single-photon and positron emission tomography, ultrasound and magnetic resonance imaging (MRI). Mathematical models describe the physical situation that relates the object to the measured data and mathematical algorithms, usually iterative, are employed to solve the inverse problem and estimate the object of interest.

Topics in the course include signal processing and Fourier analysis fundamentals in one and several variables, deterministic algorithms for image reconstruction with non-diffracting sources, dealing with noisy data and (briefly) the problem of diffracting sources, physically realistic statistical models for the data, the use of statistical parameter estimation as a reconstruction paradigm, likelihood maximization, the "expectation maximization" (EM) iterative algorithm, applications of the EM algorithm to emission and transmission tomography, controlling noise through Bayesian "maximum a posteriori " estimation, and acceleration of convergence using incremental optimization or block-iterative methods. 
There are numerous exercises in the text. Students will be expected to work on a reasonable number of these exercises, to be submitted at mid-term and again at the end of the course. Students will be also asked to select one particular topic of interest to them, to research that topic, and to write a short report. 
The text for the course is available, as a pdf file, on my web site http://faculty.uml.edu/cbyrne/cbyrne.html  . The title of the text is Signal Processing for Medical Imaging . 
In addition, the following  text is recommended for supplementary reading, but is not required.
Principles of Computerized Tomographic Imaging by Kak and Slaney (1988) (reissued by SIAM Press in 2001).
These recent texts cover some of the same material as this course:
Signal Processing: A Mathematical Approach  , by Charles Byrne (2005), AK Peters, Publ.;
Applied Iterative Methods ,  by Charles Byrne (2007), AK Peters, Publ.

Instructor: Dr. Charles Byrne is a Professor in the Department of Mathematical Sciences, UML. Since 1989 he has also been a consultant to the Department of Radiology, UMass Medical School, Worcester, specializing in nuclear medical image reconstruction.

Prerequisites: This is a second-year course in the masters' degree program. While not absolutely essential, a good knowledge of applied or engineering mathematics and some prior exposure to Fourier methods, matrix theory and numerical techniques will certainly be helpful.

