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LINEAR SYSTEMS

MESSIAH COLLEGE

SPRING 2006
Catalogue Course #: 
ENGR 365



Credit: 
3 hours
Prerequisites: 

Differential Equations (MAT 308)
Recommended:

Digital Electronics (ENGR 349) 

Class Sessions:
MWF 11:30-12:30 pm 
Frey 156 




Scheduled Lab Periods
Frey 254




Open Lab Work

Frey 254, 151, 166 








(or anywhere you can access MATLAB) 
Instructor:

Dr. Harold R. Underwood 




Associate Professor of Engineering & Physics




225 Frey Hall
/ Phone: x7125 / Email: Hunderw@messiah.edu




Office Hours: MF 9-10 am; TR 10:30–12, 1-2 pm, or by appointment.
Description:


This course introduces methods for analysis and design of discrete-time (DT) systems.  MATLAB allows students to experiment and test techniques on audio signals in computer labs.  Whether implemented by computer or on a dedicated optimized chip, digital signal processors (DSPs) are the DT systems employed by many communications, control and sensor applications today.  Here, constant coefficient difference equations are shown to model the time-domain behavior of linear discrete time-invariant (LDTI) systems by relating output response to an input sequence.  Other descriptions such as block diagrams, signal flow graphs, Z-transforms, transfer functions, and MATLAB codes are developed as useful alternatives for simple single-input single-output (SISO) systems.  Impulse, step, and frequency responses of LDTI systems are related to transfer functions and stability.  The Discrete-Time Fourier Transform (DTFT) is introduced for spectrum analysis of LDTI systems, and as one approach to filter design.  State-space methods are introduced for the general case of multiple-input multiple-output (MIMO) systems and to handle initial conditions.  Digital filter design such as finite impulse response (FIR), infinite impulse response (IIR) and some other DSP techniques are given as examples.  Definition of the DFT/FFT and its usage for spectral analysis addressed as time permits.  

Americans with Disabilities Act (ADA):
Messiah College welcomes students with disabilities. If you have a documented disability and wish to discuss needed academic accommodations for this specific course, please speak with the instructor as soon as possible. Campus policy states that disability accommodations must be pre-approved through the Office of Disability Services, located now in 101/102 Hoffman (x5358).
Course Objectives:
1.  Students will be able to describe an LDTI system by its difference equation, block diagram, signal flow graph, transfer function and/or MATLAB code as necessary.  Given a system with a known input, students will be able to find the output either in closed form analytically or as generated by a MATLAB script.

2.  Students will be able to apply Fourier and Z-transform techniques to find the impulse, step or frequency response and stability of an LDTI system (with help of MATLAB if necessary).

3.  Students will be able to design a simple digital filter, and show its effect graphically in the time or frequency domain using MATLAB.  Also, students will be able to generate, save, manipulate and play back audio signals through the PC sound card to illustrate effects of some basic DSP techniques.   Students will be able to properly apply and interpret the FFT for spectral analysis of signal frequency content.   

Textbook (required):
Contemporary Linear Systems--Using MATLAB, Strum & Kirk, Brooks/Cole, Boston: 2000.

Supplementary text (not required, but may be a source of some course material):

Signals & Systems, 2nd edition, Haykin & Van Veen, Wiley, Hoboken, NJ: 2005.

Lab Manual (required):
Labs for Signals and Systems--Using MATLAB, Stonick & Bradley, PWS Publishing Co., Boston: 1996.

Homework:
Assignments from Strum & Kirk (S&K) are due as shown on the course schedule, unless otherwise specified by instructor.  Unexcused, late homework will receive up to half credit only.

Lab Work:





Students will collaborate on labs assigned from Stonick & Bradley (S&B).  One lab report should be submitted from each lab group as arranged by your instructor.  When a sound card interface is needed, labs may be completed in F254.  Each student or group will check out audio equipment including a microphone, headphones and extension cables, due back by the end of the semester.   Save any individual work such as .m, .wav, data or report files to a personal and secure location.  Lab work may be done on an open-lab basis, but reports will be due as shown on the course schedule or as otherwise specified by instructor.  Lab handouts for each of the three lab activities will provide further comments and any modifications on the procedure from S&B, along with instructions for what to include in the report.
Evaluation:
Each student will be graded on homework assignments (analytical /graphical solutions and/or documented MATLAB exercises), lab work (preps & reports), class participation (attendance, group learning exercises, discussion contributions, etc.), two tests and a final exam.

Distribution of credit:


Homework




28%



Lab Work




24%



Class Participation



  3%



Tests
(2@15%ea)



30%



Final Exam                                                     15%







          100%

Grade Scale:

A
93-100%
B
83-86%
C
73-76%
D
60-66%
A-
90-92%
B-
80-82%
C-
70-72%
F 
0-59%


B+
87-89%
C+
77-79%
D+
67-69%

Course Schedule:
This schedule is subject to change at the instructor's discretion based on time limitations and actual pace of the class.

Date

Lecture Topic or Lab Assignment


Reading, Lab, HW, etc. Due
1/30 M

Course Introduction/Syllabus



Acquire Text&Lab Manual
2/1   W

Introduction to MATLAB & Lab#1 in F254

Lab #1  Prep (S&B pp.1-16)

2/3    F

Signals, Sequences and Systems


Ch1 Reading (S&K pp.1-36)

2/6   M 
Signals, Sequences and Systems  

 
 

2/8   W

Conversion between Continuous and Discrete Signals 
HW (S&K) Ch 1a
2/10  F

Sampling Theorem





HW (S&K) Ch 1b
2/13 M

Classification & Properties of Discrete-Time Systems;
Ch 7  Reading



Difference Equation (DE) Model of DT Systems
(S&K pp. 363-406) 

2/15 W

Finish S&B Lab#1: MATLAB Intro. in F254

HW (S&K) Ch 1c 
2/17 F

Solutions to DE Model;




HW (S&K) Ch 7a



Unit Sample (Impulse) Response Model

2/20 M

Convolution






Lab #1  Report   

2/22 W

Sinusoidal Steady-State Response

    

HW (S&K) Ch 7b
2/24 F

State-Space Model





HW (S&K) Ch 7c  
2/27 M

System Simulation






3/1   W

Examples of Filters, etc.




HW (S&K) Ch 7d








HW (S&K Ch7d)
3/3   F

Test #1: (S&K Ch 1, 7)




Test #1 

3/6  M

Introduction to Z-Transform (ZT): 

 

Ch 8  Reading



Properties & Convergence 



(S&K pp. 419-442)

3/8 W

Begin S&B Lab#2:  Signal Sampling,


Lab #2  Prep.



Manipulation & Playback in F254


(S&B pp. 17-23)

3/10  F

Transfer Functions; System Analysis



HW (S&K) Ch 8a
3/13—17 
Spring Recess!!

3/20 M

Inversion of Z-Transforms (IZTs)
 



3/22 W

ZT Solution of Linear Difference Equations


HW (S&K) Ch 8b
3/24  F

ZT Solution of Linear Difference Equations


HW (S&K) Ch 8c
3/27 M

Impulse and Sinusoidal SS Responses w/ ZTs

Ch 8  Reading
3/29 W

Finish S&B Lab#2: Signal Sampling,



(S&K pp. 442-473)




Manipulation & Playback in F254




3/31  F

Representation of LDTI System Structure


HW (S&K) Ch 8d

4/3 M

Mason's Gain Rule





Lab #2  Report






4/5  W

Examples & Applications




HW (S&K) Ch8e,f



4/7  F

Test #2: (S&K Ch8)





Test #2
4/10 M

Frequency Response of LDTI Systems


Ch 9  Reading



4/12 W

LDTI Filter Characteristics & Examples


(S&K pp. 491-526)

4/14  F

Easter Break!!

4/17  M
Easter Break!!

4/19  W 
Begin S&B Lab#9:  Filter Design for



Lab #9  Prep.




Audio Tape Restoration in F254


(S&B pp. 91-104)



4/21  F

Digital Filter Design





HW (S&K) Ch 9a
4/24  M
The DFT, FFT & Applications





4/26  W
Finish S&B Lab#9:  Filter Design for 


HW (S&K) Ch9b



Audio Tape Restoration in F254


4/28  F

MEB Scholarship Day; Senior Design Project



Presentations: NO CLASS

 

5/1    M
 Wrap-up & Review  




 
Lab #3 Report 











HW (S&K) Ch9c
5/9    T

FINAL EXAM 8-10 am  (S&K Ch9+)


All Equipment

Spring 2006
Linear Systems (ENGR 365) Homework

from Strum & Kirk’s Contemporary Linear Systems using MATLAB

	Due Date
	Chapter
	Problem #s
	 Comments
	 Points

	W 2/8
	1a
	1.2 c only
1.4 a only
1.8 c only
	Label each axis & include tick marks
Synthesize d(t) by either method
Include MATLAB script & labeled plot
	5
5
10

	F 2/10
	1b
	1.3c 
1.5f 

1.9b, 1.10a,d 
1.11a
	Use graphical data to deduce constants
Express dp(t) 1st, then fp(t) in terms of it

Label each axis & include tick marks

Use both methods to synthesize f(n)
	5
5

5, 5, 5

10

	W 2/15
	1c
	1.12 g(n)
1.13 gp(n)

1.14b
	Express the non-causal sequence g(n) 
As an infinite sum of a non-periodic g(n)
MATLAB script & plot for 1.9b only
	5
5

10

	F 2/17
	7a
	7.4b,d
7.5b,d,f
	
	10
10

	W 2/22
	7b
	7.3a,b only
7.8&7.9a,d,g,j
	Analytical solutions only, no MATLAB
Both problems, same parts
	10
5, 5

	F 2/24
	7c
	7.7 f only
7.11 d only
	
	5
5

	W 3/1
	7d
	7.1a-e only

7.10, 7.19
	
	10

10, 10

	F 3/10
	8a
	8.11
	Show all steps of your method
	15

	W 3/22
	8b
	8.4
	
	15

	F 3/24
	8c
	8.3

8.10d
	
	15
5

	F 3/31
	8d
	8.2
	In e), use filter to solve for parts b&c only
	25

	W 4/5
	8e
	8.9
	
	20

	W 4/5
	8f
	8.14, 18
	
	15, 15

	F 4/21
	9a
	9.2
9.5
	
	10
10

	W 4/26
	9b
	9.9
9.12
	
	10
10

	M 5/1
	9c
	9.13
	
	20


Key:  Problems at the end of each chapter in S&K are labeled in the format PX.YY where X stands for the chapter # and YY for the problem #.  Note that answers to each problem in S&K appear at the end of the corresponding chapter, for your reference.  However, do not rely on these answers too heavily; show your intermediate work on each problem for partial or full credit.  Be aware that a few mistakes do exist in the S&K answers printed in the text.  

Note:  the schedule of homework above is subject to change at the discretion of your instructor based on time limitations and actual pace of the class.  
