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System and signal modeling, Convolution. Fourier series and Fourier transforms. Filters. Sampling. Use of numerical analysis software. Integral laboratory.
Goals
1.
This course helps students develop an awareness of the techniques and subtleties involved in modeling signals and systems and in modeling their interactions.  Students should develop a signals and systems vocabulary adequate for further formal or self-directed study.

2.
Students will develop an understanding of linear time-invariant systems.  Students should begin by developing proficiency in classifying signals and systems and in understanding what those classifications imply.  Students should develop an understanding of the process of convolution, its importance in the theory of linear, time-invariant systems, and be able to apply the technique to solve problems.  Students should understand how signals are filtered by linear, time-invariant systems, should understand how filtering is represented in the time and frequency domains, and should be familiar with the characteristics of certain standard filters.
3.
Students should develop an understanding of the frequency domain representation of a signal or system and how it relates to time domain behavior.  Students should become proficient in determining the Fourier series or Fourier transform of a signal, and should understand the information presented in the spectrum.

4.
Students should develop an understanding of the sampling process, and be able to represent and interpret the spectrum of a sampled signal.

5.
Students should hone computer skills (e.g. Matlab) for problem solving and technical communication.

6.
Students should extend their laboratory experience to include techniques for measuring time and frequency behavior, and should develop skill in making appropriate measurements.

7.
Students should continue to develop their ability to communicate technical information in homework, laboratory, and project assignments.

Objectives
After successfully completing this course a student should be able to:

1.
Represent a variety of signals and system responses both mathematically and graphically.  Signals include sinusoids and complex exponentials, impulses, rectangular pulses, pulse trains, and sinc functions.  System representations include block diagram representations, impulse responses, and frequency responses.

2.
Appropriately characterize a signal as periodic or nonperiodic, power or energy.  Compute average value and average power of a signal from both the time-domain and frequency-domain representation.  Characterize a system as having memory or being memoryless, causal or non-causal, stable or unstable, time-invariant or time-varying, linear or nonlinear.

3.
Relate the input and output of a system using convolution methods.  Demonstrate proficiency in using the convolution integral, performing graphical convolution, and computing convolution using the Fourier transform.

4.
Represent a periodic signal by a Fourier series.

a)
Calculate the Fourier coefficients from the time function, and the time function from the Fourier coefficients.
b)
Determine and plot amplitude, phase, and power spectra of a periodic signal.

c)
Use properties of Fourier series to simplify problem solving.

d)
Predict the output of a filter excited by an arbitrary periodic input waveform.

5.
Represent a signal or an impulse response by a Fourier transform.

a)
Compute the forward or inverse transform using the defining equations.

b)
Show proficiency in using standard Fourier transform pairs to simplify calculation of forward and inverse transforms of both energy and power signals.

c)
Determine and plot amplitude, phase, and energy or power spectra of signals.

c)
Use the properties of the Fourier transform (e.g. linearity, Hermitian symmetry, time-shifting, frequency-shifting, time scaling, modulation, time differentiation, time integration, convolution, multiplication, and duality) to simplify problem solving.

6.
Be able to classify filters as lowpass, highpass, bandpass, or bandstop.  Interpret lowpass and bandpass filter specifications, identifying the passband and stopband edges, the maximum passband ripple and the minimum stopband attenuation.  Be familiar with the characteristics of some standard filter types, such as Butterworth and Chebyshev.  Be able to define group delay, and be familiar with the interaction between the loss specification, the delay, and the delay distortion.

7.
Find and sketch the time and frequency domain representations of a signal after sampling using ideal impulse and pulse sampling methods.  Understand the meaning and significance of the terms “Nyquist rate” and “Nyquist bandwidth.”

8.
Use Matlab to:

a)
Perform mathematical calculations.

b)
Approximate a continuous signal or impulse response as a vector.

c)
Plot a signal or system response with correct time or frequency axis.

d)
Write simple functions and scripts for modeling signal-system interactions.

9.
Perform basic laboratory tasks safely and accurately, including

a)
Using standard laboratory instruments and components to determine the impulse response of a simple system and to determine the magnitude of the frequency response of a simple filter.

b)
Displaying using the spectrum analyzer and interpreting the magnitude spectrum of a signal.

c)
Demonstrating an ability to wire and debug circuits on a breadboard, and knowing when the circuits are working properly.

d)
Correlating theoretical results with observations made in the laboratory.

e)
Maintaining an acceptable written laboratory record.

f)
Observing basic principles of laboratory safety.

10.
Submit written homework and laboratory assignments that are clear, concise, informative, and that conform to standard writing guidelines.

Text

A.V. Oppenheim and A.S. Willsky with S.H. Nawab, Signals & Systems, 2 ed., Prentice Hall, 1997.

Software

Matlab

Linkages
ECE Department Goals for Undergraduate Education (Adopted September 29, 1999)

Each Electrical and Computer Engineering graduate shall:

Goal H1:
have demonstrated a facility for independent learning.

Goal H2:
be prepared for continued professional development.

Goal H3:
demonstrate an ability to communicate effectively in oral, written, graphical, and visual forms.

Goal H4:
posses an understanding of how contemporary issues shape and are shaped by mathematics, science, and engineering.

Goal H5:
be able to understand the role of the professional in the global society and to understand diverse cultural and humanistic traditions.

Goal T1:
have completed a general engineereing science core by the beginning of the junior year, and shall have completed a discipline-specific technical core.

Goal T2:
have demonstrated the effective use of the contemporary tools of the engineering profession such as computer, data analysis and management, instrumentation and experimentation, and human and information resources.

Goal D1:
have participated in team design experiences in which the client is distinct from the faculty supervisor(s).

Goal D2:
have demonstrated the ability to communicate technical material effectively in writing, in one-on-one meetings, and in group presentations.
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