



	





	


EECE 2408: Biomedical Circuits and Signals
Course Charter

Course description:

[bookmark: _GoBack]A combined lecture/laboratory course in which students learn elements of circuit theory, signal processing, and programming and apply their knowledge to build an EKG system that acquires and processes signals from the heart.  In the circuits area, the course introduces the basic device and signal models and the basic circuit laws used in the study of linear circuits.  The course proceeds to the analysis of resistive networks including the Thevenin and Norton theorems.  Next, op-amp circuits are studied using the ideal operational amplifier model with a  particular emphasis on differential amplifiers and active filter circuits.  In the signal processing area, the course introduces the basic concepts of linearity, time-invariance, causality, and stability for both continuous and discrete time systems and signals. The concept of frequency content of signals and the Fourier Transform is introduced (true?).  The course proceeds with impulse response and Laplace/Z transforms followed by the sampling theorem and conversion techniques between continuous and discrete time signals. (what about analog to digital conversion – will this be covered?) Finally, discrete-time linear filter design and application is demonstrated on the acquired signals in the Matlab environment. 

Credit hours: 4 SH 

Prerequisites: GE 1111 or Equivalent

Textbooks:  
Ulaby and Maharbiz, NTS Press 
Schaum’s Outline of Signals and Systems 2nd Edition, by Hwei Hsu, McGraw-Hill, 2010

Optional Reference Books: 	
Signals and Systems 2nd Edition, by A. Oppenheim, and A. Willsky with S. Nawab.  Prentice Hall, 1997 

Topics Covered:  

1. R, L, C, sources, Kirchoff’s Laws
2. Thevenin and Norton equivalent circuits
3. System properties including linearity, time invariance, stability, and causality
4. Impulse response, Laplace and Z transform basics, frequency response introduction
5. Sampling and interpolation to transition between continuous and discrete time
6. Fourier transform (?) 
7. Linear filters, design and analysis 
8. Basic neuron physiology, sources of biopotentials, nervous system organization and the cardiac cycle.  Analysis of EKG signals. Normal and abnormal frequency content of EKG signals.
9. Design, build, characterize and test a differential amplifier circuit, in the particular context of EKG
10. Design signal processing algorithms to identify EKG signal features


Course Outcomes:

Students should:

1. Be able to find the Thevenin or Norton equivalents of resistive circuits with sources.
2. Be able to analyze and build op-amp amplifier circuits
3. Be able to determine the response of R-C and R-L circuits and active filter circuits.
4. Be able to determine system properties like causality, stability, linearity, time invariance from specified input-output relationships, impulse response, or transform domain expressions
5. Be able to sample and interpolate signals using two-sided ideal filter approximations in a computational environment
6. Be able to design and analyze linear filters in time and frequency domains using transform domain representations and given specifications
7. Be able to analyze the frequency content of signals and explain the importance of matching amplifier frequency response 

Contribution of course to meeting the professional component:

Engineering topics: 4 SH
General engineering:	



Mapping of course outcomes to program outcomes, assessment mechanisms and performance criteria:


	Course outcomes
	Program outcomes
	Assessment mechanism
	Performance criteria

	1
	P1
	Quiz 
	 

	2
	P2, P3, P4, P23, P24
	 Lab Notebook
	 

	3
	P6, P7
	 Quiz
	 

	4
	P1, P4, P8, P17
	 
	 

	5
	P1, P2, P3, P4, P5, P8, P9, P20
	 
	 

	6
	P1, P2, P3, P4, P5, P8, P10, P20
	 
	 

	7
	
	 
	 

	8
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EE/CE Program Outcomes

	
	Students will demonstrate the ability to:
	
	

	P1
	Apply knowledge of electrical and computer engineering to identify, formulate, and solve engineering problems
	P19
	Extract information from a variety of printed and electronic sources

	P2
	Use modern laboratory and computing tools
	P20
	Connect between theory and application

	P3
	Design and conduct experiments and analyze data
	
	Connect between classroom learning and work/co-op

	P4
	Design engineering systems/components/processes
	P21
	Write well-reasoned, grammatically and stylistically correct papers and reports

	P5
	(CE) Design and implement computer programs
	P22
	Deliver effective oral presentations

	P6
	Understand and apply differential calculus
	P23
	Create written or oral reports analyzing information, applying quantitative methodologies, logically comparing alternatives, and/or presenting analysis and design of complex systems

	P7
	Understand and apply integral calculus
	P24
	Work in multidisciplinary teams

	P8
	Understand and apply complex algebra/analysis
	P25
	(CE) Document engineering work appropriately

	P9
	Understand and apply differential/difference equations
	P26
	Students will demonstrate their awareness and understanding of:

	P10
	Understand and apply linear algebra
	P27
	The engineering profession and its ethical codes

	P11
	Understand and apply multivariate calculus
	P28
	The need and utility of lifelong learning

	P12
	Understand and apply probability/stochastic processes
	P29
	Career management choices

	P13
	Apply the knowledge of solid-state physics
	P30
	(CE) Copyright and privacy standards specific to computer hardware and software

	P14
	Apply the knowledge of electricity and magnetism
	P31
	The societal/cultural context of engineering practice

	P15
	Apply knowledge of flow-charting/program design
	P32

	Historical development and contemporary issues in electrical engineering

	P16
	Apply knowledge of language syntax/debugging
	P33
	The role of aesthetics and elegance in engineering solutions and design

	P17

	Apply knowledge of output analysis
	P34
	The role of esthetic enhancement to written/oral communications

	P18

	Connect knowledge across electrical and computer engineering subfields
	
	





