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Course Justification

BME 512 Biomedical Signal Processing will give graduate biomedical engineering students the background in signal processing that will prepare them to pursue research in areas such as biomedical instrumentation and imaging.  The emphasis, through the real-world examples to be used, will be on signals obtained from biomedical sources and the unique tasks in the field of biomedical instrumentation.  The joint BME program does not offer a course with all of this material, either at NCSU or UNC.  Further, this course will become one of the engineering core topic courses in the joint BME program, from which all BME graduate students must choose.
Student Learning Outcomes 

After completing this course, students will be able to:

· Discuss the unique properties and signal processing requirements of biomedical instrumentation systems;

· Classify abstract and real biomedical signals as random or deterministic, stationary or nonstationary;

· Describe a stochastic signal in terms of its first- and second-order temporal statistics;

· Compute the stochastic properties of the output of a linear system, the input of a linear system, or the system function itself, given the other two quantities;

· Design filter systems to achieve noise reduction and/or resolution requirements in a simulated biomedical instrument;

· Determine an appropriate sampling rate for a given biomedical signal;

· Discuss the tradeoffs involved in choosing filters and sampling rates for biomedical instruments;

· Describe discrete-time systems using the Z-transform and discrete Fourier transform;

· Design digital filters for simulated biomedical instruments using infinite impulse-response (IIR) and finite impulse response (FIR) methods;

· Design signal processing systems to address problems in biomedical instrumentation including noise and artifact removal, signal restoration, and signal detection;

· Discuss the biological and diagnostic implications of the performance of a signal processing system;

· Simulate, analyze, and design biomedical signal processing systems using MATLAB.
· Design, evaluate, and document a signal processing system design to address a real-world biomedical signal problem.
Catalog Description 

Fundamentals of continuous- and discrete-time signal processing as applied to problems in biomedical instrumentation.  Properties of biomedical signals and instruments.  Descriptions of random noise and signal processes.  Interactions between random biomedical signals and systems.  Wiener filtering.  Sampling theory.  Discrete-time signal analysis.  Applications of Z-transform and discrete Fourier transform.  Digital filter design methods for biomedical instruments.  

Enrollment for Last Five Years
Spring, 2005: BME 412: 5

Spring, 2006: BME 412: 4, BME 590I (graduate-level experiment): 4

Spring, 2007: BME 412: 9
Resources

This course is a dual-level course with the already-scheduled BME 412; no additional resources are needed.  Adequate lecture space for a class of 20 will be needed, and an instructor computer with access to Internet, MATLAB, and Power Point.  Students will have to have access to MATLAB through campus computing facilities to complete assignments.
Consultation with Other Departments

ECE department faculty were consulted on our plan to offer this course at the 500-level, since BME 412/512 will incorporate material taught in both ECE 421 and ECE 513.  BME has a need for this course because our graduate students come from a variety of backgrounds and many need signal processing training for their research in BME.  It is not seen as a suitable alternative to ask BME graduate students to take ECE courses because the background of many BME graduate students (such as biology, physics, mechanical engineering) is not suitable for them to take ECE 513.  The ECE faculty had no objection to our offering this course as planned.  It was raised as a possibility that ECE might allow some of its students to take BME 512 as an elective.
Syllabus:  BME 412/512 – Biomedical Signal Processing

INSTRUCTOR

David S. Lalush, Ph.D., Assistant Professor, Department of Biomedical Engineering

Email: david_lalush@ncsu.edu 

Office Hours 

After class or by appointment
CLASS HOURS

10:15 – 11:30 AM Tuesday and Thursday
REQUIRED TEXTBOOK

S. R. Devasahayam, Systems and Signals in Biomedical Engineering.  Kluwer Academic: New York, 2000. ($129 list price)
OPTIONAL TEXTBOOK

E. N. Bruce, Biomedical Signal Processing and Signal Modeling.  John Wiley and Sons: New York, 2000.  ($120 list price)

COURSE PREREQUISITES

BME 311 and ST 370

COURSE DESCRIPTION

Fundamentals of continuous- and discrete-time signal processing as applied to problems in biomedical instrumentation.  Properties of biomedical signals and instruments.  Descriptions of random noise and signal processes.  Interactions between random biomedical signals and systems.  Wiener filtering.  Sampling theory.  Discrete-time signal analysis.  Applications of Z-transform and discrete Fourier transform.  Digital filter design methods for biomedical instruments.
STUDENT LEARNING OUTCOMES
After completing this course, students will be able to:

· Discuss the unique properties and signal processing requirements of biomedical instrumentation systems;

· Classify abstract and real biomedical signals as random or deterministic, stationary or nonstationary;

· Describe a stochastic signal in terms of its first- and second-order temporal statistics;

· Compute the stochastic properties of the output of a linear system, the input of a linear system, or the system function itself, given the other two quantities;

· Design filter systems to achieve noise reduction and/or resolution requirements in a simulated biomedical instrument;

· Determine an appropriate sampling rate for a given biomedical signal;

· Discuss the tradeoffs involved in choosing filters and sampling rates for biomedical instruments;

· Describe discrete-time systems using the Z-transform and discrete Fourier transform;

· Design digital filters for simulated biomedical instruments using infinite impulse-response (IIR) and finite impulse response (FIR) methods;

· Design signal processing systems to address problems in biomedical instrumentation including noise and artifact removal, signal restoration, and signal detection;

· Discuss the biological and diagnostic implications of the performance of a signal processing system;

· Simulate, analyze, and design biomedical signal processing systems using MATLAB.
· Design, evaluate, and document a signal processing system design to address a real-world biomedical signal problem.
POLICIES AND PROCEDURES

1. All students must have access to the Eos computing system and must have experience using MATLAB.

2. Attendance is expected at each class period.  

3. All assignments are to be done individually unless specifically indicated in the assignment. Students are encouraged to discuss assignments with each other, but all submitted assignments must be the work of the individual student.

4. Policy on late assignments: Assignments are due on or before the time and date indicated on the assignment.  Due dates can be extended for students with valid reasons as defined by the NCSU attendance policy (http://www.ncsu.edu/policies/academic_affairs/pols_regs/REG02.20.3.php).  In cases where the conflict can be anticipated, prior arrangements must be made with the instructor to receive an extension.  In cases of illness or family emergency, the student may be required to present documentation or other proof to receive an extension.  Late assignments without a valid excuse will not be accepted and will receive a score of zero.

5. Exam policy:  Only verified illness or family emergencies are acceptable excuses for missing an exam.  The student is required to contact the instructor before or on the day of the exam if an illness or emergency prevents the student from taking the exam.  Arrangements for a makeup exam must be made at that time.  When the student is able to return to class, the student will be required to present documentation or other proof for the absence to be excused.  Unexcused absences from exams will result in a score of zero for the exam.

6. Students are expected to adhere to the policies for academic integrity as outlined in the NCSU Code of Student Conduct (http://www.ncsu.edu/policies/student_services/student_discipline/POL11.35.1.php). Cases of misconduct will be addressed according to the procedures outlined in the NCSU Code of Student Conduct (http://www.ncsu.edu/policies/student_services/student_discipline/POL11.35.1.php). 

7. Reasonable accommodations will be made for students with verifiable disabilities. In order to take advantage of available accommodations, students must register with Disability Services for Students at 1900 Student Health Center, Campus Box 7509, 515-7653. See Disability Services for Students (http://www.ncsu.edu/provost/offices/affirm_action/dss) for more information. For additional information on NC State's policy on working with students with disabilities, please see Regulation 02.20.1, Academic Accommodations for Students with Disabilities (http://www.ncsu.edu/policies/academic_affairs/courses_undergrad/REG02.20.1.php).

GRADING

Grading scales differ for BME 412 and BME 512:

BME 412

Students will be assigned weekly homework problems, some will be solved by hand, others using MATLAB.  There will be two in-class exams and a final exam.  Grades will be distributed among these as follows:
Assignments                    40%

In-class exams                 20% each

Final exam                       20%
BME 512

Students will be assigned weekly homework problems, some will be solved by hand, others using MATLAB.  There will be two in-class exams and a final exam.  A signal-processing design project will be due at the end of the semester.  Grades will be distributed among these as follows:

Assignments                    20%

In-class exams                 20% each

Final exam                       20%
Final project                     20%
Differences for students taking BME 512: Students in BME 512 will be required to complete all of the exams and assignments (except the last homework assignment) as students in BME 412.  In addition, students in BME 512 will be required to complete a signal processing design project using real-world data provided by members of the faculty.  The projects will be reported in the form of web accessible documents, and will be reviewed and graded by all members of the class.  Project reports will include a discussion of the problem, a review of pertinent scholarly literature, a presentation of design alternatives, a justification for the design chosen, a quantitative evaluation of the design on real-world data, a discussion of the results, conclusions, and a list of references.  Design projects will be completed outside of class during the last month of the course.

The following minimum grading scale will be used.  This gives the minimum grade you will receive if your score from the assignments and exams falls in the range given.  However, students who show outstanding initiative and participation will have their grades raised above the minimum.

	Range
	Grade

	98-100
	A+

	92-<98
	A

	90-<92
	A-

	88-<90
	B+

	82-<88
	B

	80-<82
	B-

	78-<80
	C+

	72-<78
	C

	70-<72
	C-

	68-<70
	D+

	62-<66
	D

	60-<62
	D-

	<60
	F


Topics and Schedule

· Introductory concepts (Week 1)

· Sources of biomedical signals
· Properties of biomedical signals
· Tasks in biomedical signal processing
· Review of linear systems (Week 2)
· Linearity and shift-invariance

· Fourier transform and frequency analysis

· Cascaded systems

· Concepts in probability and statistics (Week 3)
· Random variables
· Probability density functions
· Expectation and statistics
· Covariance and correlation
· Random processes and noise (Weeks 4-5)

· Describing random processes

· Autocovariance and autocorrelation

· Stationarity

· Noise as a random process

· Properties and effects of noise in biomedical instruments

· EXAM 1 (on weeks 1-5)
· Effects of systems on random signals (Weeks 6-7)
· Filtering in biomedical instruments
· Noise and resolution tradeoffs in biomedical instruments
· Wiener filters
· Sampling (Week 8)
· Sampling techniques
· Properties of sampled biomedical signals
· Nyquist sampling theory
· Discrete-time signal analysis (Weeks 9-10)
· Discrete-time stochastic signals
· Discrete Fourier transform
· Z-transform

· Definition and properties

· Pole-zero analysis

· Relation to Fourier transform

· EXAM 2 (on weeks 6-10)
· Digital filter design (Weeks 11-12)
· Biomedical applications of digital filters
· IIR filter design
· FIR filter design
· Biomedical applications of signal processing (Weeks 13-14)
· Noise removal from biomedical signals
· Removing artifacts of one signal embedded in another
· Signal restoration
· Signal detection
· FINAL EXAM (comprehensive)
Explanation of Difference in Requirements of Dual-Level Course

The proposed BME 512 is a dual-level course with BME 412 (Biomedical Signal Processing).  BME 512 will be offered to graduate students in the BME program as an engineering core topic course, one of a group of engineering courses from which BME graduate students must choose.  

Students in BME 512 will be required to complete all of the exams and assignments (except the last homework assignment) as students in BME 412.  In addition, students in BME 512 will be required to complete a signal processing design project using real-world data provided by members of the faculty.  The projects will be reported in the form of web accessible documents, and will be reviewed and graded by all members of the class.  Project reports will include a discussion of the problem, a review of pertinent scholarly literature, a presentation of design alternatives, a justification for the design chosen, a quantitative evaluation of the design on real-world data, a discussion of the results, conclusions, and a list of references.  Design projects will be completed outside of class during the last month of the course.
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