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Weldon School of Biomedical Engineering

Undergraduate Program Course Descriptions

Sophomore Courses
BIOL 230 (3) Biology of the Living Cell

An introduction to cell biology builds on a foundation of the physical sciences and explores the complexity of life. Topics covered: What is life? What is cell biology? How does this apply to engineers? Prokaryotic vs. eukaryotic vs. virus. Basic Principles of biological chemistry – bonds. Molecular structures: Macromolecules, Amino acids, Protein structure and techniques for ID. Protein folding and chaperones.  Bioenergetics/metabolism/free energy. Bioenergetics/Glycolysis. Enzymes: mechanism, kinetics, inhibitors.  Energy production/glycolysis/TCA cycle. Electron transport, ATP synthesis. Hypothesis generation/experimental design. Physical nature of the gene, DNA Replication. DNA Repair, DNA-RNA Transcription. Measurement and manipulation of the genome and transcriptome. Translation/Genomics – DNA, mRNA sequencing. Translation, Fine-tuning expression. 21st century technology:  Proteomics I, BLAST queries/Genbank. 21st century technology: Genomics and Proteomics II. Biological membranes/membrane transport. Nerve cell signaling. Cellular information processing. Signal Detection Theory, etc. Cell signaling- G-protein coupled receptors. Receptor tyrosine kinases. Intracellular Trafficking. Extracellular matrix/cytoskeleton 1. Molecular motors (kinesin/dynein), Molecular motors (actin/muscle, mts). Cell Cycle and Control.
BME 201 (3) Biomolecules: Structure, Function, and Engineering Applications

Class time will be spent performing projects, case studies, and reviewing the classes of molecules (biomolecules) including sugars, lipids, proteins, and nucleic acids that form the cellular and  extracellular  components  of  living  organisms.  During this course we will describe the underlying chemical and physical principles behind the structure and function of these classes of   biomolecules. Basic analytical tools and techniques   involved   in   their   processing   and   characterization will be reviewed.   Finally, students   are   introduced   to   how engineering principles and practices are applied in biomolecular manipulation  and  system  design  for  useful processes, devices, therapies, and diagnostics that will benefit society and advance human health.

BME 205 (1) Biomolecular and Cellular Systems Laboratory

Introductory laboratory experience focused on engineering concepts and practices in the analysis of biomolecules and cells. Topics include fundamental quantitative techniques of analysis, methods of isolation, identification, and quantification of biomolecules and cells, and analysis of integrated bio-systems. This course concludes with a student driven design project.

BME 206 (1) Biomechanics and Biomaterials Laboratory

Introductory undergraduate laboratory module focused on engineering concepts and practices relevant to material biocompatibility and mechanical performance testing within the context of rapid prototyping and medical device development. Topics and activities focus on defining fundamental attributes and processes associated with material-cell and material-tissue interactions through use of biomechanical analyses, in-vitro cell culture, relevant regulatory guidance documents, voluntary consensus standards, experimental design, finite element analysis, statistical analysis and interpretation of results. At the conclusion of this module, students will present a prototype or finite element simulation of their medical device design together with a detailed biocompatibility and biomechanical analysis relevant to its application.

BME 207 (3) Bioinstrumentation and Circuit Theory
Introduction of laboratory instruments used to measure physiological events. Stimulation and conduction of electric signals within the mammalian nervous system and other excitable tissues are demonstrated. Fundamental circuit elements and concepts include resistance, capacitance, inductance, op-amps, impedance, voltage, current, power, and frequency. Fundamental analog measurement concepts include adequate bandwidth and amplitude and phase linearity. An integrative design project emphasizes the practical aspects of quantitative physiological measurements. Students are introduced to programming (using Python) to deepen the understanding of the basic concepts and learn basic skills in data processing.  SPICE software will be used throughout the course to design/simulate various analog circuits.

BME 214 (3) Introduction to Biomechanical Analysis
The goal of this course is to provide a foundation in biomechanics (analysis of forces, moments, and stresses) that will allow students to quantify the loads in the skeleton as well as design surgical tools and total joint replacements. In addition to the topics on vectors, particle equilibrium, and rigid body mechanics one would expect in a classical mechanics course, biomedical engineers must also have a working knowledge of skeletal anatomy. Consequently, anatomical descriptions and anthropometric data will be incorporated throughout the course. As part of the implant design, students will also be introduced to more advanced topics in mechanics such as Hertz contact theory, shear-lag theory, and composite beam theory. 
BME 256 (3) Physiological Modeling in Human Health

Introduction to the physiology and medicine underlying practical problems in biomedical engineering, especially with respect to medical device development. Engineering skills taught and practiced within the context of human disease, injury, and illness on extended problem sets which include mathematical modeling and problem solving with appropriate documentation. Main physiological systems of focus are cardiovascular, pulmonary, and renal, and common afflictions thereof.

BME 290 (1) Frontiers in Biomedical Engineering

An active learning course that explores the elements of professionalism, opportunities for career development, and current and emerging trends and challenges at the frontiers of the field of biomedical engineering. Topics addressed include career paths, professional development opportunities, and career development skills including creating a plan of study, informational and job interviewing, writing a resume, technical writing, preparing effective oral presentations, and peer-editing. 

BME 295 / ABE 202 (3) Thermodynamics In Biological Systems II

The major objective for this course is to understand and exploit basic principles of thermodynamics as they apply to biological systems and biological processes. Specifically, the course will focus on biological processes across scales: from the nanometer scale of biomolecules, the micrometer scale of cells, the millimeter and meter scales of tissues and organisms, all the way up to the 100+ meter scale for bioprocess equipment and industry-scale production. The course can be loosely classified into two parts: (i) guiding principles and fundamental equations for thermodynamics in biological and biomedical engineering, and (ii) applications of engineering principles to the study of biological systems. 

Junior Courses

BME 301 (3) Bioelectricity

Fundamentals of bioelectricity of the mammalian nervous system and other excitable tissues. Passive and active forms of electric signals in both the single cell and cell-cell communication, tissue and systemic bioelectricity, mathematical analysis including Nernst equation, Goldman equation, linear cable theory, and Hodgkin-Huxley Model of action potential generation and propagation.

BME 304 (3) Biomedical Transport Fundamentals

Fundamental concepts and principles of momentum, heat, and mass transport phenomena in the context of biomedical applications. Integrated biological topics include transport of physiological fluids (e.g. blood), mass transport (e.g. oxygen and nutrients), forced convection (e.g. hemodialysis) and unsteady-state molecular diffusion (e.g. drug delivery mechanisms).
BME 314 (3) Experimental Methods in Biomechanics
This course focuses on the concepts and applications of mechanics, imaging, and instrumentation methods towards evaluating experimental biomechanics at multiple length scales. Core concepts include mechanics of materials, dynamics, contact theory, and the simplifying assumptions and standardizations often needed to conduct experiments on biomaterials and living systems. Experimental methods may include atomic force microscopy, digital image correlation, and motion analysis.
BME 356 (3) Mathematical Models and Methods in Physiology

This course uses real-world engineering problems to introduce advanced analytical tools and concepts relevant to biomedical engineering design.  Each topic is briefly introduced, and students work in small teams to investigate physical mechanisms involving human anatomy and physiology using mathematical models and methods.  Group work is done during scheduled class periods and other times by arrangement.  Topics include brain concussions and protective helmets, origin of the electrocardiogram and bi-ventricular pacing, and deep brain stimulation for Parkinson’s disease.  Mathematical methods include coupled linear and nonlinear differential equations, finite element analysis, and simulated annealing.  Creation of custom computer code is required.  Students prepare extensive and detailed written technical reports.  A midterm and a final examination encourage individual accountability and understanding.

BME 360 (3) Introduction to Biomedical Imaging
The main focus of this course is on basic principles and modes of major bioimaging modalities.  This course covers image characterization, interactions of electromagnetic radiation with tissue, fundamental principles in imaging and detection, and modes of imaging modalities (e.g. reflection, transmission, absorption, and emission).  Conventional bioimaging modalities will be used to teach the topics.  This course is particularly aimed at students in science and engineering interested in gaining a conceptual understanding of several critical biological and biomedical imaging methods, including optical microscopy, ultrasound, X-ray imaging, computed tomography, nuclear medicine, magnetic resonance imaging, and mobile health. Overall, this course provides a conceptual framework for biomedical imaging in a reasonably concise and understandable format (with minimal mathematical approaches).
BME 366 (3) Foundations of Biomedical Data Science

This course presents foundational data science methods for analysis of complex biological datasets encountered in biomedical engineering research and applications. After a brief (1-2 weeks) introduction and review of mathematical concepts necessary for data science, the course will cover representative areas of regression, supervised machine learning, unsupervised machine learning, model evaluation, and uncertainty quantification. Assignments and exams will focus on practical examples spanning basic science, engineering, and medical applications.
BME 380 (1) Professionalization in Biomedical Engineering
This active learning course covers standards of practice, regulatory and legal requirements, and moral and ethical issues; increases awareness of career paths; and addresses current and emerging trends and challenges at the frontiers of the field of biomedical engineering. Most class sessions will consist of a short introduction to a topic followed by a breakout session for active investigation of the topic. During the breakout sessions, course instructors will be available to guide discussion and answer questions. 

BME 389 (2) Junior Experimental Design Laboratory

Practical experience with engineering design principles is presented through inquiry-based modules. Each module contains computer simulation, experimental design, implementation, and data analysis. Modules address biomedical applications in different areas of BME.  This new course will provide experimental design training critical for the preparation of students for BME 48901/49000 senior design as required in the BME undergraduate curriculum redesign.

BME 390 (1) Professional Development and Design in Biomedical Engineering

Introduction to a diverse spectrum of current topics relevant to the technical, professional, and career aspects of Biomedical Engineers. The course topics will focus on the early stages of the design process (e.g. need identification, problem formulation, innovation and idea generation), professional communication skills (e.g. written and oral reporting and documentation), and ethics of biomedical design and research (e.g. ethical codes and decision making, animal care and use in research and testing, authorship and intellectual property, social and environmental impact of design).

Senior Courses
BME 490 (1) Professional Elements of Design

This course advances and enhances engineering design tools, concepts, and knowledge relevant to biomedical engineering design. Students work individually and in small teams to investigate the topic within the context of their specific senior design project in preparation for their lab. Topics include project management, human and animal subjects, ethics, regulatory affairs, literature and patent searching, and entrepreneurship.

BME 48901 (3) Senior Design Project Lab

The biomedical engineering design process is completed starting from a preliminary system design. Students will work with their teammates to implement (e.g. build, test, iterate and evaluate) a solution to address a biomedical engineering problem statement and meet the technical specifications set forth. The resulting project design is presented and evaluated through an oral presentation, laboratory demonstration, and a final written document.
 Elective Courses
BME 401 (3) Mathematical & Computational Analysis Of Complex System Dynamics In Biology, Medicine, & Healthcare
An introduction to analysis of complex system dynamics that appear in biology, medicine, and healthcare. Key topics include nonlinear dynamical concepts associated with phase plane, bifurcation, stability diagram, oscillation, and chaotic systems along with concepts from discrete systems and stochastic processes. These topics are taught within the context of mathematical and computational models related to both non-communicable diseases (i.e. cancer) and communicable diseases (i.e. HIV/AIDS). Courses projects are drawn from recent literature.
BME 440 (3) Computational Mechanics In Biomedical Engineering

Teaches modeling methods for biomedical engineering problems with focus on fluid/solid mechanics. Students are introduced to the most common numerical techniques in biomedical engineering and will learn the applications of these techniques to biomechanical problems at various length scales, such as cardiac contraction and blood flow. The first half of this course focuses on modeling based on ordinary differential equation (ODE) and partial differential equation (PDE) as well as on how we integrate these equations analytically or numerically using software packages such as MATLAB. The other half focuses on fundamentals of fluid/solid mechanics and also on the application of COMSOL or similar software to solving relevant biomechanical problems.
BME 450 (3) Deep Learning For Medical Imaging
Teaches the foundation of neural network (aka Deep Learning) approaches and applications to medical imaging: or how to create computable models of biological neural systems, in particular large-scale neural networks, for processing medical images and data. Drawing inspiration from neuroscience and statistics, Deep Learning introduces the basic background on neural networks, presents computable neuron models and extends to large networks of neurons. Students study deep learning with both real and artificial neural networks, along with methods of deep learning about the environment by applying back propagation, Boltzmann machines, auto-encoders, convolutional neural networks and recurrent neural networks. Students will explore how Deep Learning is impacting our understanding of intelligence and contributing to the practical design of automatic medical imaging tools that are able to augment expert medical personnel, enhance diagnosis accuracy and speed, and lower health-care costs.
BME 460 (3) Cardiovascular Mechanical Support And Devices
Designed to expose students to state-of-the-art medical technologies being utilized in the treatment of patients with cardiovascular diseases, the course emphasizes the role of the biomedical engineer in the design, development and implementation of these technologies for therapeutic impact. Students completing this course will have an understanding of the role of biomedical engineers in clinical engineering and clinical research. The three components of the course, didactic presentations and discussions, laboratory dissections, and clinical shadowing are integrated throughout to teach concepts such as cardiovascular physiology, heart failure and vascular disease, treatments and treatment complications, and future directions. Clinical experts in cardiovascular diagnosis and treatment are frequent guest lecturers.
BME 470 (3) Biomolecular Engineering
The course covers key chemical concepts one needs in order to modify existing biomolecules, link biomolecules with other (bio)molecules, link biomolecules with inorganic entities, create composite (bio)structures, modify specific properties of biomolecules, alter/enhance biomolecule functionality. Taken together, the rational application of these biological, chemical, and engineering tools can be used to; engineer new biomolecules, design sensors for molecular detection, create diagnostic tests, develop new imaging modalities, and design and test novel biomaterials, to name a few examples.
BME 495 (3) Grand Challenges In Accessibility
Each course will focus on a specific challenge faced by persons with disabilities on a local, national, or global level. A systems engineering approach will be used to ensure the greatest level of accessibility for all users. Students will investigate and evaluate the entire process of the challenge including using simulations and prototyping technological solutions to key obstacles in the system. System elements consist of exploring technological solutions, logistics, project management and evaluation, and policies. Examples of grand challenges include accessible autonomous transportation, healthcare delivery, environmental control, and universal design in STEM-based education and jobs.

BME 501 (3) Biostatistics
This course focuses on fundamental principles of multivariate statistical analyses in biostatistics, including multiple linear regression, multiple logistic regression, analysis of variance, and basic machine learning.  The fundamental theories are applied to analyze various biomedical applications ranging from laboratory data to large-scale epidemiological data.  In particular, this course focuses on multivariate statistical analyses, which involve more than one variable and take into account several variables on the responses of interest.  In addition, although statistical learning and machine learning are different, both learning approaches play a key role in inference and prediction.  This course touches base on differences between statistical learning and deep learning in the context of biostatistics. 

BME 556 (3) 

Topics and body systems including infectious diseases, cardiopulmonary diseases, hematology-oncology, and gastrointestinal diseases. The information and intellectual approach offered will help students recognize needs for engineering solutions to current challenges in medicine. We will preview the intellectual content of medical school, including rigor and level of detail, for students considering medicine or medical research as a career, emphasizing the key “11-points” necessary for practical understanding of any disease: definition of the condition, causes, functional abnormalities, structural abnormalities, early signs, history and physical findings, differential diagnosis, special studies (lab, imaging, etc.), treatment strategy, specific steps of treatment, and follow up, as well as current clinical needs for innovation and research opportunities for the future. Prerequisite: Coursework in systems physiology.
BME 581 (3) Bio-Micro-Electro-Mechanical Systems (BioMEMS) & Biomedical Microsystems
This course covers key topics in bio-micro-electro-mechanical systems (BioMEMS) and micro-integrated systems. Properties of useful materials will be discussed in context to BioMEMS. Micro-electronics process modules used in the design and fabrication of BioMEMS and micro-integrated systems will be presented. Applications of these systems in a variety of medical practices will be discussed in detail.
BME 646 (3) Deep Learning - Theory And Practice Of Deep Neural Networks
This course teaches the theory and practice of deep neural networks from basic principles through state-of-the-art methods. The class blends hands-on programming, using a variety of state-of-the-art programming frameworks, with theoretical treatment based on current literature. Implementation will emphasize the use of the Pytorch language and the use of dynamic computational graphs. Some previous experience with optimization techniques is important for success in the course.

BME Resource Center TA
Resource Center ¼ time TA position (10 hr/wk):

· Setup/Attend Resource Center - Hours 7-9 pm M-Th in MJIS 1097 +15 minutes setup beforehand and +15 min after for cleanup

· Track student attendance throughout the week

· Send weekly student attendance to Susan Hardy and Dr. Linnes

· At the start of the semester, coordinate with course instructors / TAs to secure participation with the resource center 

· Monitor attendance and reach out to instructors during the semester as needed to adjust TA number/hours/days available to optimize effort

EPICS
EPICS is a service-learning design program in which teams of students partner with local and global community organizations to address human, community, and environmental needs.
