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BME 6717 
Computational Analysis and Simulation of Physiological Processes 

Instructor: Zachary Danziger 

Catalog Description: 
Study of advanced computational techniques in BME. Focus on execution (in MATLAB), 
conceptualization, analysis of the relevant literature, and oral presentation of results. 

Course Objectives: 
Research-focused graduate students will learn analysis methods for biological processes 
common to BME, learn new techniques directly from scientific literature, improve their ability 
to present computational results, and apply these techniques directly to their own academic 
research as part of the course. Students will examine state-of-the-art computational techniques 
to develop the conceptual understanding and practical skills necessary to implement effectively 
the methods in the MATLAB environment. This will be achieved by students through class 
discussion, reading and presentation of relevant scientific papers, conference-style oral talks on 
methodologically focused biomedical research findings, lecture material, and practical 
application of methods to data collected or associated with their own ongoing academic 
research. The course will focus heavily on concept building, intuitions, and purpose of each 
computational scheme and simulation rather than detailed theory or physiological origins of 
signals. Exposure to these methods is an integral component to a strong research-based 
curriculum in biomedical science. 

Learning Outcomes: 
By the end of this course, students will be able to: 
1 comprehend the concepts underpinning modern computational data analysis 
2 understand the results of modern analysis techniques presented in scientific papers 
3 deliver effective oral presentations describing novel methodological results 
4 select the appropriate analysis tools for a given scientific question 
5 implement the techniques investigated to analyze actual datasets using MATLAB 

Major Topics: 
The course will focus highly on conceptual understanding and implementation of 

computational analysis techniques and simulation methods currently being used in biomedical 
research. The specific analyses covered under each main topic are adjusted annually based on 
prevalence in the literature, emerging methods, and relevance to enrolled students’ academic 
research. Students will work collaboratively to apply analysis methods directly to their own data 
and discuss their results. Assessments include accuracy and insight in application of analysis 
methods to biomedical datasets, class participation, oral presentations of scientific papers 
relevant to computational analysis, oral presentations of modern data analysis tools to advance 
students own academic research projects. 

A variety of datasets are used as motivating examples for the computational analysis 
and simulation. Past examples include paired heart sounds with electrocardiography, 
membrane protein binding dynamics, hippocampal action potential distributions, near infrared 
spectroscopy of vasculature, lab results from cancer pathology, membrane potential process 
models, light transport models of tissue, and urodynamics. 



Florida International University - College of Engineering – Department of Biomedical Engineering – Miami 

Material in every term: 
1. Applying MATLAB for data analysis
2. Discussion-based review of scientific papers employing modern biosignal analysis
3. Student presentations on data analysis applied to their graduate research projects
4. Application of data analysis techniques to students’ graduate research topic
5. Application of selected analysis techniques to datasets

Examples of past and possible learning modules: 
i. Dimensionality reduction and projection (SVD, PCA, eigen decomposition etc.)

ii. Information theory (mutual information, Entropy, etc.)
iii. Statistical modeling (GLM, linear dependence, MLE, etc.)
iv. Time series analysis (granger causation, ARMA models, correlational analysis, etc.)
v. Semi-supervised clustering (k-means, t-SNE, Bayes inference, etc.)

vi. Time-Frequency Analysis (wavelets, EMD, spectral decomposition, etc.)
vii. Bioinformatics (hierarchies, edit distances and measures, graph theory, etc.)

viii. Simulation of computational biomedical models (state spaces, differential equations)
ix. Tutorial introduction to intermediate MATLAB data handling and computation

Corequisites: 
One graduate level statistics course, e.g., STA 4202, STA 4234, STA 5236, STA 6176, STA 6746. 
It is extremely helpful if students have a good grasp of the fundamentals of MATLAB.  

Textbook: 
Instructor will provide handouts and scientific literature. 

Expectation of Academic Integrity: 
Biomedical engineers have a special obligation to act ethically and honesty because of our role 
in the maintenance and improvement of public health. The BME department expects you to be 
honest in academic endeavors, not represent someone else’s work as your own, and not cheat 
or aid another’s cheating, as summarized in FIU’s Student Conduct and Honor Code, section 6. 
The BME department takes this code seriously, and we will report violations to the university 
directly, where the Student Conduct Committee will evaluate your case. 

Course Philosophy: 
• Students can take the course in any direction that is productive and useful. This is

accomplished by selecting learning modules before the start of the course, extending
modules during the course that are helpful, exploring new ideas in the assignments, etc.

• Each learning module is intended to be a conceptual and foundational tutorial introduction.
We will engage with the key features of each analysis theory, and students seeking mastery
will spend time out of class developing their proficiency with the presented ideas.

• The Data Project is the primary focus of the course, and should be constructed, with help
from your advisor, to be maximally useful for your intellectual growth and research.

• Dataset assignments should be enjoyable, do the analysis that is most interesting to you.

https://studentaffairs.fiu.edu/get-support/student-conduct-and-academic-integrity/student-conduct-and-honor-code/index.php
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Assessment: 
Item Value 
4 or 5 Datasets 20 (divided evenly) 
Attendance 12 
Topic Paper-Led Discussion (shared) 6 
Project Abstract 4 Data Project 
Project Declaration Presentation (peer evaluations) 2 
Project Declaration Presentation 10 
Project Progress Report 6 
Final Project Presentation (peer evaluations) 4 
Final Project Presentation 30 
Final Project Report 6 

Grading Scale: 
95-100 A; 90-94.9 A-; 86-89.9 B+; 82-85.9 B; 78-81.9 B-; 74-77.9 C+; 66-73.9 C; 55-65.9 D, < 55 F

Content Organization: 
Material for each learning module (slides, dataset assignments, and relevant literature) is 
posted on CANVAS under its own heading in the “Modules” section. Other organizational 
material, such as Data Project instructions, is posted under the “Student Resources” module. 

Data Project Instructions: 
Complete instructions available on CANVAS. Data Project timeline at-a-glance: 

Dataset Instructions: 
Perform the most relevant and/or interesting analysis for the data provided. Justify why you 
have chosen your analyses and what you have learned from them. Have fun. 

Paper Presentation: 
All students are expected to read each assigned paper and come to class prepared to discuss 
them (which counts for your engagement for that day). Discussion leaders are assigned to each 
paper, who will guide the class through the core analysis techniques presented and encourage 
relevant and productive discussion. Leaders should have a fundamental understanding of the 
material (not mastery) and can work with the class to understand the analyses and results. 
Presenters all share the same score. 

Attendance: 
This is a discussion-based class that requires dialogue and course engagement. The fraction of 
points you earn is computed as: 
[number of classes that you attended completely] / [number of classes held] 
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Program Educational Objectives: 

Show the program objectives that are directly supported by this course and briefly describe how each 
objective is achieved relative to course topics and practices employed in the course.  

Biomedical Engineering Program Educational 
Objectives 

Mark X 
if 

Applies 
Description 

1. Broad and in-depth knowledge of biology,
physiology and engineering science and
principles in the major fields of Biomedical
Engineering, including transport, mechanics
and instrumentation for effective engineering
practice, professional growth, and as a base
for life-long learning;

2. Ability to apply advanced mathematics
(including differential equations and
statistics), science, and engineering to solve
problems at the interface of engineering and
biology;

3. Ability to make measurements on and
interpret data from living systems, addressing
the problems associated with the interaction
between living and non-living materials and
systems;

x 
The main course focus will be in data 
analysis to interpret signals acquired 
from biological systems. 

4. Ability to utilize analytical and experimental
methods and modern computer technology for
decision-making and engineering design and
to solve realistic biomedical engineering
problems;

x 
This course covers the most recent and 
popular analytical methods applied in 
biomedical research. 

5. Ability to work effectively with others in a
team while simultaneously maintaining
independent and creative thought;

6. The ability to communicate effectively and to
articulate technical matters using verbal,
written, and graphic techniques;

x 

Students will be required to present 
their research and the research of 
others orally with the use of graphs 
generated from their data analysis. 

7. An adequate background to pursue graduate
studies in engineering and other fields and
occupations;

8. A sense of professional and social
responsibility, including a commitment to
protect both occupational and public health
and safety, development through
consideration of moral, social, and ethical
paradigms related to the engineering
profession and practice.
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Program Educational Outcomes: 

Show the program outcomes that are directly achieved by this course and describe how each outcome is 
achieved in terms of specific tools employed in the course.  

Note:  Specific outcomes will be determined by the faculty instructor each time the course is 
taught.  The chart below will be generated each for each offering of the course by each instructor. 

Biomedical Engineering Program 
Educational Outcomes 

Mark X 
if 

Applies 
Description 

a. Ability to apply knowledge of
mathematics, science, and engineering. x Applied projects using data analysis to 

understand actual datasets 
b. Ability to design and conduct

experiments, as well as to analyze and
interpret data.

c. Ability to design a system, component,
or process to meet desired needs.

d. Ability to function on multi-disciplinary
teams.

e. Ability to identify, formulate, and solve
engineering problems. x Recognition of the most appropriate data 

analysis techniques for a given problem 
f. Understanding of professional and

ethical responsibility.
g. Ability to communicate effectively. x Presentations of scientific research required 
h. Broad education necessary to understand

the impact of engineering solutions in a
global and societal context.

i. Recognition of the need for, and an
ability to engage in, life long learning.

j. Knowledge of contemporary issues.
k. Ability to use the techniques, skills, and

modern engineering tools necessary for
engineering practice.

x 
Exposure to state-of-the-art analysis 
techniques 

l. Knowledge of probability and statistics,
including applications to Biomedical
Engineering.

x 
Working with statistical models of data 

m. Knowledge of mathematics and of basic
and engineering science necessary to
carry out analysis and design appropriate
to Biomedical Engineering.

x 

Applied analysis to contemporary 
biomedical problems 

n. Ability to apply advanced mathematics
through multivariable calculus and
differential equations.


	Program Educational Objectives:
	Show the program objectives that are directly supported by this course and briefly describe how each objective is achieved relative to course topics and practices employed in the course.
	Program Educational Outcomes:
	Show the program outcomes that are directly achieved by this course and describe how each outcome is achieved in terms of specific tools employed in the course.

