BME6180/ECE6695:  Principles of Magnetic Resonance Imaging

Course Syllabus – Fall 2023

Instructors:
Professor Yi Wang			Email: yw233@cornell.edu

Teaching Assistants:
	TBD

Lecture hours:
	Mon & Wed, 1:25-2:40pm, zoom

Course Overview:

The objective of this course is to teach students basic concepts of MRI and give them elemental first hand MRI operation experience. The prerequisite for this course includes calculus based physics and knowledge of Fourier transformation. After a brief overview of all major medical modalities: x-ray, CT, MRI, SPECT/PET, and US, this course will focus on the formulations of spatial encoding and image contrasts as exemplified in MRI. The inverse problem between detected signal and image source will be discussed for biomedical applications. The concepts of image resolution, image contrast, SNR, and scan time will be illustrated quantitatively from an engineering point of view. 

The students will have hands-on experience to scan phantoms at Cornell MRI facility.

Student Learning Outcomes/Course Objectives: 

As a result of participating in this course, students will obtain the knowledge of basic concepts of MRI. Students will also gain elemental first hand MRI operation experience.

Textbooks:
Principles of Magnetic Resonance Imaging by Yi Wang at amazon.com

Course Schedule:
The course may consist of the following lectures and lab/field trips (subject to changes):

Wk1
8/21, 8/23 overview of medical imaging technology

Wk2
8/28, imaging system – linear signal equation, matrix, Fourier encoding; overview of what can MRI do and MRI example in clinical practice
Chapter 1: overview of medical imaging, direct encoding and reconstruction of a simple CT system and Fourier encoding; Fourier transform 
	Chapter 7: clinical MRI protocol

8/30, communication/interaction between device and tissue: basic MRI physics concepts – tissue spin vector, control vector rotation
Chapter 2: Larmor precession and Faraday’s law, gradient, imaging signal equation

Homework 1 – Fourier transform 

Wk3
9/4 image formation basic requirements – how to sample 2D/3D space
Chapter 2: k-space, sampling theorem

9/6 more on communication/interaction: get Larmor precession started: RF excitation
Chapter 2: equation of spin motion, rf excitation

Homework 2 – k-space sampling

Wk4
9/11, meaning of image: contrast from magnetism and relaxation in MR
Chapter 3, T2* and thermal T1 & T2 relaxation

9/13, common MRI 1: basic gradient echo sequences
Chapter 3, gradient echo sequences

Homework 3 – T1, T2, T2*

Wk5
9/18, common MRI 2: basic spin echo sequences
	Chapter 3, spin echo sequences

9/20, common MRI 3: diffusion concept and diffusion MRI
	Chapter 4, diffusion 

Homework 4, pulse sequences

Wk6
9/25 review materials covered.

9/27, mid term

Homework 5– diffusion and flow

Wk7
10/2, advanced MRI: DTI, tractography: 

10/4, advanced MRI 1: flow
	Chapter 4, flow

Wk8
10/9, fall break, no class
	Have fun

10/11, advanced MRI: perfusion
	Chapter 4, new papers on QTM


Wk9
10/16, advanced MRI: tissue magnetic susceptibility: T2* and phase in gradient echo, and chemical shift
	Chapter 5, tissue magnetism 

10/18, advanced MRI: fMRI 

Wk10
10/23, advanced MRI: MRI scanning hands on. 

10/25, advanced MRI: MRI scanning hands on. 

WK11
10/30, term projects options, discussion on project options: literature review and MRI data processing

11/1, guest lecture by MRI clinicians – brain 

Wk12
11/6, guest lecture by MRI clinicians - heart

11/8, guest lecture by MRI clinicians - liver


Wk13
11/13, guest lecture by MRI clinicians – breast

11/15, guest lecture by MRI clinicians – prostate

Wk 14
11/20, work on term project

11/22, thanksgiving 

Wk 15
11/27, 11/29 work on term project

Wk 16
12/1, 12/3, class presentation, end of class

Grading :  
Homework:  	50%
Midterm Exam:	25%
Term Project:	20%
Transcription	5%

Homework:
There will be weekly homework set for lecture parts in the course. It will either be in the form of a problem set, a MATLAB-based simulation lab, or a combination of both.

Midterm Exam:
	There will be one midterm exam, tentatively at the end of September or beginning of October

Final Project:
There will be a project paper, which is the experimental part of this course. This requires students to perform MRI experiments, complete data analysis and put together in a report. 

The final paper is due at the midnight of the last day of final exam of the semester.

Grade Disputes:
Grade disputes on homework will be settled at the discretion of the TA. Grade disputes on the midterm exam will be settled at the discretion of Professor Wang. In both cases, the disputed problem will be re-graded, making it possible for a student to receive a lower score.  

To dispute an exam grade, students must explain in writing and staple this to the front of their exam. Prof. Wang will then re-grade your exam. 
