BMED 4590/6590 Medical Imaging Syllabus

Fall 2024
Prepared by Ge Wang                                 
 Date: 08-27-2024
Catalog Description:  This course is for students to have a deep understanding and state-of-the-art overview of medical imaging, with an emphasis on physical and mathematical principles, system architectures, important applications, and artificial intelligence (AI) especially deep learning (DL) methods for medical imaging. Over past several years, AI/DL has greatly inspired research and development in the medical imaging field. A good portion of the course will be on learning-based/data-driven/deep tomographic reconstruction.

Textbook and Supplemental Materials:
Paul Suetens, Fundamentals of Medical Imaging, Second Edition, Cambridge University Press, 2009; Information on this title: www.cambridge.org/9780521519151
Ge Wang, Yi Zhang, Xiaojing Ye, Xuanqin Mou, Machine Learning for Tomographic Imaging, IOP, 2019; https://iopscience.iop.org/book/978-0-7503-2216-4 
Course Instructor: Ge Wang, PhD
Course objectives: Provide students with a solid understanding of deep learning and medical imaging. Students should learn the concepts and skills of neural networks, methods and systems to acquire tomographic signals and reconstruct images, and have exposure to research and clinical applications. 
Prerequisites: BMED 2300 Bio-instrumentation and bio-imaging
Topics:
Neural networks, x-ray physics and components, filtered backprojection, cone-beam CT, spiral, interior, and spectral CT, iterative reconstruction, Maxwell and Bloch equations, pulse sequences, and other imaging modalities.
Computer Usage: Needed for some homework assignments (Python, TensorFlow)
Grading Policy: 
The final grade in this course will be based on the student total score on all components of the course. The total score is divided into the following components:

Attendance:


10%

Homework assignments:
30%
Mid team:


30%
Final term examination:
30%
Grade disputes will be settled at the discretion of the instructor. The problem in question will be re-graded, making it possible for a student to receive a lower score. To dispute an exam grade, the student must explain his/her dispute in writing and staple this in front of his/her exam.
Course Outcomes: 

Students who successfully complete the course should be able to: 

· Design/Derive/adapt networks and formulas as related to medical imaging

· Gain a systematic picture of the state-of-the-art of the medical imaging field

· Become familiar with artificial intelligence and deep learning as related to medical imaging

· Think innovatively and practically in the context of medical imaging
Criteria Details:

Attendance (10%), homework (30%), midterm (30%) and final exam (30%).  Optional credits possible for in-depth projects at the instructor's discretion.
Student Outcomes: 

	(X)
	1. an ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics

	(X)
	2. an ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors

	(  )
	3. an ability to communicate effectively with a range of audiences

	(  )
	4. an ability to recognize ethical and professional responsibilities in engineering situations and make informed judgments, which must consider the impact of engineering solutions in global, economic, environmental, and societal contexts

	(  )
	5. an ability to function effectively on a team whose members together provide leadership, create a collaborative and inclusive environment, establish goals, plan tasks, and meet objectives

	(  )
	6. an ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions

	(  )
	7. an ability to acquire and apply new knowledge as needed, using appropriate learning strategies


BME Program Criteria:

	(  )
	9.a Applying principles of engineering, biology, human physiology, chemistry, calculus-based physics, mathematics (through differential equations) and statistics.

	(X)
	9.b Solving bio/biomedical engineering problems, including those associated with the interaction between living and non-living systems.

	(  )
	9.c Analyzing, modeling, designing, and realizing bio/biomedical engineering devices, systems, components, or processes.

	(  )
	9.d Making measurements on and interpreting data from living systems.


Academic Integrity
The Biomedical Engineering Department does not tolerate any act of academic dishonesty.   As a student in BMED, the departmental code of ethics outlined below will be followed.   

“As a member of the Rensselaer Biomedical Engineering Community, I will uphold the ethical conduct befitting a Biomedical Engineer.  I will not use knowledge gained from my experiences at Rensselaer for any purpose which may harm society.  My actions will reflect positively on the department, university, and profession.  I will respect the faculty, staff, and my peers by not misrepresenting myself through acts of deception.  I will not participate in any acts of lying, cheating, or stealing in accordance with the Rensselaer Handbook of Student Rights and Responsibilities.  I will conduct research with integrity.  I will take pride in my work and continue to promote these principles throughout my tenure at Rensselaer and my career as a Biomedical Engineer.”  
In this class, all assignments that are turned in for grade must represent the student’s own work. In cases where help was received, or teamwork was allowed, a notation on the assignment should indicate your collaboration. Submission of any assignment that is in violation of this policy will receive a failing grade for the course and reported to the Dean of Students. If you have any questions concerning this policy before submitting an assignment, please ask for clarification.
Course Learning Outcomes: Students who successfully complete the course will be able to:
1. Understand deep neural networks clearly;

2. Perform basic machine learning tasks in the field of medical imaging;

3. Draw and list the critical components of tomographic scanners, and explain their working principles, strengths and limits, and key applications;

4. Have a general overview of medical imaging technologies.
Estimated ABET Category Content:
Math & Basic Sciences             ____ credit hour(s) - 50 %
Engineering Topics                   ____ credit hour(s) - 50 %
