Weldon School of Biomedical Engineering

Undergraduate Program Course Descriptions

Sophomore Courses
BME 20200 (3) Thermodynamics in Biomedical Engineering (Spring)
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 with a focus on dynamic behaviors of systems. 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. 
BME 20300 (3) Cell Biology for BMEs (Fall)
Cell Biology for BMEs introduces students to the fundamental principles of cellular and molecular biology with a focus on biomedical engineering applications. This course examines the structure and function of prokaryotic and eukaryotic cells, cellular energetics, biomolecular interactions, and signaling pathways. Through lectures, assignments, and collaborative research, students will critically analyze primary literature, apply cellular biology concepts to the development of biomedical technologies, and predict cellular behavior in complex biological systems. Emphasis is placed on integrating cell biology with biomedical innovation areas such as tissue engineering, drug delivery, and diagnostics.
BME 21400 (3) Introduction to Biomechanical Analysis (Fall)
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 21401 (1) Biomechanical Analysis Laboratory (Fall)
BME 21401 provides hands-on training in engineering and biological principles of biomechanics. Topics include translation of theoretical vector and equilibrium calculations to three-dimensional body problems, computer aided design and finite element analysis, harvest and storage of biological samples, and tension, compression and bending testing with mechanical testers. A design project reinforces the mechanical testing skills learned in class, combining skill-building in group work and experimental design. This course will prepare students for deeper study of biomechanics.

BME 22000 (3) Biomolecules: Structure, Function, and Engineering Applications (Spring)
Classes of molecules (biomolecules) such as sugars, lipids, proteins, and nucleic acids that form the cellular components of living organisms. Explores the chemistry behind the structure and function of these important classes of biological molecules. Hydrogen-bonding, hydrophobic forces, electrostatic interactions along with other weak interactions discussed with reference to their importance in biomolecular systems in an engineering context.
BME 23100 (3) Bioinstrumentation & Circuit Theory (Spring)
In this course, we'll delve into the core principles of circuit theory, covering topics such as voltage-current relationships in resistive and reactive components, Ohm's Law, Kirchhoff's Laws, and source equivalency. We will also explore advanced concepts like transient responses, AC impedance, and the dynamic behavior of first and second-order systems. Students will gain proficiency in phasor analysis of sinusoidal signals, complex number calculations, signal sampling, and spectral analysis. We'll also touch on linear time-invariant systems, frequency response, and both the design and implementation of filters. A portion of the course will focus on control systems via the s-domain.   To enrich your understanding and skill set, we will also introduce programming through Python, which will facilitate data processing and deepen your conceptual grasp. This course serves as a preparatory steppingstone for BME 33000 (Bioelectricity), equipping you with the essential physics knowledge and skills required for more advanced studies.

BME 23101 (1) Bioinstrumentation & Circuit Theory Lab (Spring)
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, following the content introduced in BME 231. Fundamental analog measurement concepts include adequate bandwidth and amplitude and phase linearity.  Integrative design project emphasizes the practical aspects of quantitative physiological measurements. This course is to prepare learners with sufficient physics knowledge and lab skills to pursue the Bioinstrumentation and Imaging Depth Areas. Moreover, students are introduced to programming (using Python) to deepen the understanding of basic concepts and learn basic skills in data processing.  SPICE software will be used throughout the course to design/simulate various analog circuits.

BME 25600 (3) Physiological Modeling in Human Health (Spring)
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 28000 (1) Frontiers in Biomedical Engineering (Fall)
This course introduces the rapidly emerging field of biomedical engineering by exposing students to a wide range of research activities in the Weldon School and to a variety of experiential learning opportunities. 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. 
Junior Courses

BME 31300 (3) Biofluid Mechanics (Fall)
Fundamental concepts and principles of fluid mechanics in the context of biomedical applications. Governing equations of flow and transport are derived from the first principles and applied to conditions characteristic of the human circulatory system.

BME 31400 (3) Experimental Methods in Biomechanics (Spring)
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 32000 (3) Introduction to Biomaterials Science and Engineering (Fall)
This junior-level course will introduce fundamental materials science and biomaterial concepts to BME students and will lay the foundation for more advanced courses in biomaterials and tissue engineering. The course will introduce the vocabulary and technical concepts in biomaterials science relevant for problems in medical device, biotechnology, or biomaterials industries.  The course material will present phenomena at the intersection of materials science and biology.

BME 32001 (1) Biomolecules and Biomaterials Laboratory (Fall)
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, evaluation of biocompatibility, and analysis of integrated bio-systems. This course concludes with an experimental design project.
BME 32600 (3) Applied Biomaterials I (Spring)
This course will explore the various biomedical applications of biomaterials - covering the broadly defined areas of (1) 3D printing and biofabrication, (2) Controlled drug delivery, (3) Tissue engineering, and (4) Disease modeling. Students will delve deeper into the specific requirements and expected outcomes for each application and will explore the design space and mode of application for biomaterials. Students will appreciate unique and context-dependent criteria for the design of biomaterials, demonstrate knowledge of fabrication methods, identify biomaterials with the most appropriate biochemical and biophysical properties, and choose the most relevant biomaterials for applications in 3D printing, tissue engineering, drug delivery, and disease modeling.
BME 33000 (3) Bioelectricity (Fall)
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 35600 (3) Mathematical Models and Methods in Physiology (Fall)
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 35700 (3) Foundations of Biomedical Data Science (Spring)
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 36000 (3) Introduction to Biomedical Imaging (Fall)
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 38000 (2) Professionalization in Biomedical Engineering (Fall)
This active learning junior level course will enrich Biomedical Engineering students' professional development, including career exploration strategies and intercultural competency development. This course will prepare students to secure opportunities and succeed in diverse learning and work environments at Purdue and beyond. Most class sessions will consist of a short introduction to a topic and a case study 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 38900 (2) Junior Experimental Design Laboratory (Spring)
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 39000 (1) Professional Development and Design in Biomedical Engineering (Spring)
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 40100 (3) Mathematical & Computational Analysis of Complex System Dynamics in Biology, 
Medicine & Healthcare (Fall)
An introduction to analysis of complex system dynamics that appear in biology, medicine, and health care. 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). Course projects are drawn from literature.
BME 41101 (4) Quantitative Physiology in BME (Fall Indy)
This course is an introductory course in physiological systems and an introductory course in classical feedback control theory for biomedical engineers.  It aims to apply systems theory and classical feedforward and feedback control in the context of physiological. Control, frequency response, and linear systems concepts are applied to action potential generation, motor control, heart rate regulation, and other physiological processes. Approximately a third of the course will be devoted to physiological systems, as third to classical control theory and a third to the application of classical control and systems theory to physiological systems.
BME 41400 (3) Computational Mechanics in Biomedical Engineering (Spring)
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 43100 (3) Neural Engineering (Spring)
An introduction to “Neural Engineering” - an emerging field of developing and applying engineering solutions to research or translational problems concerning the brain. The course will cover a broad range of topics about neural sensing, modeling, stimulation, interface, and prosthetics. Course projects are drawn from real-world problems and experimental data.
BME 45000 (3) Deep Learning for Medical Imaging (Spring)
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 46000 (3) Cardiovascular Mechanical Support and Devices (Fall)
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 46100 (3) Transport Processes In BME (Fall Indy)

This course explores engineering principles in mass and other transport processes in biological systems. Topics covered include diffusion, convection, reaction kinetics, transport in porous and fluid mediums, etc. Mathematical models of transport are developed and applied to biomedical problems and physiological systems such as the kidney/renal and oxygen/arterial systems.
BME 47000 (3) Biomolecular Engineering (Fall)
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 48901 (3) Senior Design Project Lab (Fall)
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.
BME 49000 (1) Professional Elements of Design (Fall)
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 49101 (2) BME Design (Fall Indy)
This course prepares students for engineering practice through a major design experience, encompassing conceptualization, requirement generation, and system and detailed design. Essential design constraints will be reviewed and applied including safety, economics, and manufacturability. The course encompasses lectures, case studies, team formation, project assignments and generation of initial design.

BME 49200 (3) BME Design II (Spring Indy)
This course continues the design experience from BME 491 with verification, validation, and re-design of student projects. Regulatory and ethical design constraints will be discussed. Oral presentation and report writing are required. 
BME 48700 (3) Grand Challenges in Accessibility (Spring)
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) Multivariate Analyses in Biostatistics (Fall)
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 505 (3) VR Anatomy (Fall PWL & Indy)
This immersive virtual reality (VR)-based course introduces engineering students to the medical school gross anatomy curriculum, providing a deep understanding of human structure and function through interactive 3D dissection and clinical case studies. Students develop the technical and anatomical literacy required for biomedical innovation while gaining the communication skills, terminology, and collaborative competencies needed to work confidently and effectively with medical professionals.
BME 510 (3) Neural Mechanisms (Fall)

An examination of the mechanisms by which nervous systems process information in normal and pathologic states. Cellular and systems-level information processing will be studied with a focus on sensory and motor systems. Students will gain some hands-on experience in the analysis of neural data. Some neuroanatomy will be included to understand how nervous systems are organized. Pathological states such as Alzheimer's, autism, and aging will be studied, both in terms of understanding the systems and cellular deficits as well as examining potential solutions to improve the outcomes for these neural disorders.
BME 521 (3) Biosensors: Fundamentals And Applications (Fall)

An introduction to the field of biosensors and an in-depth and quantitative view of device design and performance analysis. An overview of the current state of the art to enable continuation into advanced biosensor work and design. Topics emphasize biomedical, bioprocessing, environmental, food safety, and biosecurity applications.
BME 530 (3) Imaging Diagnostic Technologies For Medical And Biological Applications (Fall)

This gateway course teaches the physics, engineering techniques associated with modern imaging and diagnostic tools for biological and medical applications. The course covers fundamental principles of radiology, optics, contrast generation (including genetically encoded probes and physiological indicators), image formation, detection, and analysis. The specific biomedical imaging modalities covered include: x-ray, computed tomography, nuclear medicine imaging, ultrasound, optical microscopy and tomography, and MRI. The specific biological microscopy modalities covered include: phase contrast, DIC, confocal microscopy, two-photon microscopy and super-resolution microscopy. The course also teaches the principle concepts of adaptive optics, light sheet microscopy, 4Pi microscopy, and modern super-resolution microscopy techniques (PALM/STORM, STED and ISM). To bridge the technology and physics with the latest diagnostic advances and biomedical discoveries, research progresses in specific biomedical applications are presented by leading experts in their respective biomedical field such as OCT, ultrasound, MRI, fluorescence microscopy, electron microscopy, concurrent MRI and optical functional imaging, and super-resolution fluorescence microscopy. This course also includes a crash sub-course on MATLAB programming including both introductory content and contents of MATLAB-C API and MATLAB-C-CUDA (GPU computing).
BME 532/595 (3) Bioelectronics (Spring)
This course will cover design and working principles of bioelectronics devices and systems. Emphasis will be on interfacial phenomena, sensor topology, readout circuits, transducing principles, and techniques. Fundamental physical principles involved in signal transduction, signal readout, and the overall applications space will also be discussed. Key factors involved in integration of electronic transducers with fluids and biomolecules geared towards efficient and high SNR readout will be deliberated. The overall application space will encompass biomolecular sensors, electrophysiology, electrochemistry and emerging methods.
BME 53800 (3) Wearable Sensors in Healthcare (Spring)
This experiential course explores the physiological signals captured by wearable sensors and their potential to address gaps in health care, research, and personal wellness. Students will use their own state-of-the-art wearable device to collect and analyze personal data, gaining hands-on experience through interactive lectures, labs, and assignments. The course emphasizes both the promise and limitations of current wearable technologies, inspiring future innovation in medical, military, industrial, and personal applications.
BME 561 (3) Preclinical and Clinical Study Design (Fall)
Medical devices are developed, manufactured, and distributed in a highly regulated environment. This course concerns the preclinical and clinical study design processes for obtaining FDA marketing approval for biomedical devices. Prior to marketing a medical device, specific governmental approval is required dependent on the type of device and the risk associated with the device. This course is part of a three-course series dealing with various aspect of regulatory science of medical devices. Regulatory science considers the scientific and technical foundations that support the practical testing and regulations that ensure the safety and effectiveness of medical devices. 

BME 562 (3) Regulatory Issues Surrounding Approval of Biomedical Devices (Spring)
Medical devices are developed, manufactured, and distributed in a highly regulated environment. This course primarily concerns the processes for obtaining FDA marketing approval or clearance for biomedical devices. Prior to marketing a medical device, governmental approval or clearance is required depending on the type of device and the risk associated with the device. This course is part of a three-course series dealing with various aspects of regulatory science of medical devices.  Regulatory processes for class II and III devices, including combination devices, are covered with specific focus on 510(k) and PMA requirements; a section on Emergency Use Authorization (EUA) has also been added. Approval requirements in the EU, Japan, China, and other regions will also be considered. Throughout the course, emphasis will be placed on regulatory science, regulatory strategy and principles of interacting with regulatory agencies.

BME 571 (3) Drug Delivery (Fall Indy)

This course explores the principles, techniques, and applications for therapeutic drug delivery and administration. This course will start with the fundamentals of drug administration: engineering principles such as diffusion and mass transport, with specific emphasis on transport in biological systems and barriers, pharmacokinetics, and drug distribution. We will examine the existing state of art in drug delivery systems: controlled release, biomaterials, and polymer-based delivery systems. Finally, we will also discuss the current field of biotechnology and biopharmaceutical: identification of novel drug targets, latest development in drug discovery, development, clinical trials, and product development, going from research to market using the latest examples from the pharmaceutical industry.
BME 58100 (3) BioMEMS & Biomedical Microsystems (Spring)
Key topics in bio-micro-electro-mechanical systems (BioMEMS) and micro-integrated systems will be presented. 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 523/595 (3) Stem Cell Technologies (Spring)
This course provides an in-depth exploration of advanced tissue engineering techniques with a focus on the use of stem cells, organoids, and up-to-date bioinformatics approaches such as single-cell RNA sequencing (scRNA-seq). The course emphasizes the practical application of these tools in the development of tissue-engineered models for basic research and translational medicine.
BME 595 Research Fundamentals 
This course equips graduate students with core research and professional skills essential for success in doctoral studies. Topics include critical analysis of scientific literature, scientific communication, hypothesis development, peer review, career planning, and time and project management. Students will gain practical tools to navigate academic research and professional growth effectively.
BME 64600 (3) Deep Learning – Theory & Practice of Deep Neural Networks
The purpose of this course is to teach the theory and practice of deep neural networks from basic principles through state-of-the-art methods. The class is unique at a national level in that it 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. Competency in multivariate calculus and linear algebra, some previous experience with optimization techniques along with some programming experience is important for success in the course.
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