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Introduction to Discrete-Time Signals

Objectives:


1. To study basic discrete-time signals and operations.

2. To learn how to represent and implement discrete-time signals using MATLAB

Introduction:


A discrete signal will be denoted by x(n), in which the variable n is integer valued and represents discrete instances in time. Therefore it is also called a discrete-time signal, which is a number sequence and will be denoted one of the following notations:

x(n) = {x(n)} = {…, x(-1), x(0), x(1), …}

 (
Where the up-arrow indicates the sample at n = 0.

In MATLAB we can represent a finite-duration sequence be a row vector of appropriate values. However, such a vector does not have any information about sample position n. Therefore a correct representation of x(n) would require two vectors, one each for x and n. For example, a sequence 
x(n)  = {2, 1, -1, 0, 1, 4, 3, 7} can be represented in MATLAB by


(
>> n = [ -3, -2, -1, 0, 1, 2, 3, 4]

>> x = [2, 1, -1, 0, 1, 4, 3, 7]

Generally, we will use the x-vector representation alone when the sample position information is not required or when such information is trivial (e.g. when the sequence begins at n = 0). An arbitrary infinite-duration sequence cannot be represented in MATLAB due to the finite memory limitations.

Basic sequences


We use several elementary sequences in digital signal processing for analysis purposes. Those are given below.

(1) Unit sample sequence
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(2) Unit step sequence
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(3) Complex-valued exponential sequence
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where ( is called an attenuation and (0 is the frequency in radians.


(4) Sinusoidal sequence
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where ( is the phase in radians.

(5) Random signal

Many practical sequences cannot be described by mathematical expressions like above. These sequences are called random (or stochastic) sequences and are characterized by parameters of the associated proability density functions or their statistical moments. In MATLAB, the funcion rand(1, N) generates a length N random sequences whose elements are uniformly distributed between [0, 1]. The function randn(1, N) generates a length N Gaussian random sequence with mean 0 and variance 1.

Basic Operations

(1) Signal Adding: This is a sample-by-sample addition given by
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and the length of x1(n) and x2(n)  must be the same.

(2) Signal Multiplication: This is a sample-by-sample multiplication (or “dot” multiplication) given by
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and the length of x1(n) and x2(n)  must be the same.

(3) Scaling: In this operation each sample is multiplied by a scelar (
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(4) Shifting: In this operation each sample of x(n) is shifted by an amount k to obtain a shifted sequence y(n).
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(5) Folding: In this operation each sample of x(n) is flipped around n = 0 to obtain a folded sequence y(n).
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(6) Sample summation: This operation differs from signal addition operation. It adds all sample values of x(n) between n1 and n2.
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(7) Sample products: This operation also differs from signal multiplication operation. It multiplies all sample values of x(n) between n1 and n2.
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(8) Signal energy: The energy of a sequence is given by
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 EMBED Equation.3  [image: image13.wmf]
(9) Signal power: The average power of a periodic sequence with fundamental period N is given by


[image: image14.wmf]2

1

0

1

()

N

x

Pxn

N

-

=

å



 EMBED Equation.3  [image: image15.wmf]
Experiment:

1. To be used for generating an impulse sequence, edit and save the following function in your working directory.


function [x, n] = impseq(n0, n1, n2)


% Generate x(n) = delta(n-n0); n1 <= n <= n2


% ---------------------------------------------------


% [x, n] = impseq(n0, n1, n2)


%


n = [n1:n2];


x = [(n-n0) == 0];


% End of the function


Create and plot an impulse (n) with n1 = -5 and n2 = 5. Briefly explain how the function works. 
2. To be used for generating an unit step sequence, edit and save the following function in your working directory.


function [x, n] = stepseq(n0, n1, n2)


% Generate x(n) = u(n-n0); n1 <= n <= n2


% ---------------------------------------------------


% [x, n] = stepseq(n0, n1, n2)


%


n = [n1:n2];


x = [(n-n0) >= 0];


% End of the function


Create and plot a unit step u(n) with n1 = -5 and n2 = 5. Briefly explain how the function works.

3. To be used for addition, edit and save the following functions in your working directory.

function [y, n] = sigadd(x1, n1, x2, n2)

%implements y(n) = x1(n)+x2(n)

%-----------------------------------------------

% [y, n] = sigadd(x1, n1, x2, n2)

%  y = sum sequence over n, which includes n1 and n2

% x1 = first sequence over n1

% x2 = second sequence over n2 (n2 can be different from n1)

%

n = min(min(n1), min(n2)):max(max(n1), max(n2));
% duration of y(n)

y1 = zeros(1, length(n)); y2 = y1;


% initialization

y1(find((n>=min(n1))&(n<=max(n1))==1))=x1;

% x1 with duration of y

y2(find((n>=min(n2))&(n<=max(n2))==1))=x2;

% x2 with duration of y

y = y1+y2;


% End of the function


Create a unit step u(n) with n1 = -5 and n2 = 5 and u(n-2) with n1=-5 and n2 = 10. Then plot 


the result of u(n)+u(n-2). Briefly explain how the function works.

4. To be used for multiplication, modify the function in (3) and then save it in your working directory, using “sigmult” as its name. Then plot the result of u(n) x u(n-2) and  briefly explain how the function works.

5. To be used for shifting and folding, edit and save the following functions in your working directory.

function [y,n] = sigshift(x, m, n0)

% implements y(n) = x(n-n0)

%--------------------------------

% [y, n] = sigshift(x, m, n0)

%
m is an index vector of x

%
n0 is the shifting value

n = m+n0; 

y = x;


% End of the function

function [y, n] = sigfold(x, n)

% implements y(n) = x(-n)

% --------------------------------

% [y, n] = sigfold(x, n)

%

y = fliplr(x);

n = -fliplr(n);


% End of the function


Plot the shifted version of (n) by 3. Briefly explain how each of the functions works.

6. Write a MATLAB m-file that generates and plots each of the following sequences

(a) x(n) = 2((n+2)- ((n-4),

-5 ( n ( 5.

(b) x(n) = n[u(n)-u(n-10)]+(20-n)[u(n-10)-u(n-20)]
-20 ( n ( 20

(c) x(n) = cos(0.04(n)+0.2((n),
-20 ( n ( 50, where ((n) is a Gausian random sequence with zero mean and unit variance.

7. Let x(n) = {1, 2, 3, 4, 5, 6, 7, 6, 5, 4, 3, 2, 1}.




     (

Write a MATLAB m-file to generate and plot the following sequences.

(a) x1(n) = 2x(n-5) – 3x(n-4)

(b) x2(n) = x(3-n) + x(n)x(n-2)

8. Let x(n) = {1, 2, 3, 4, 3, 2, 1} Design the experiment showing that signal folding and time shifting are




     (
not commutative, e.g., TDk(FD(x)) is not  equal to FD(TDk(x)), where TDk is time shifting by k samples and FD is signal folding.

Questions:

1. What is the MATLAB function that would be most appropriately used for the sample summation?

2. What is the MATLAB function that would be most appropriately used for the sample products?

3. Using the functions in (1) and (2), show the MATLAB statements to determine the sample summation and multiplication of a sequence x(n) = { 1, -3, 7, 5, 2, 3, 9, -8, 4, 1, 3 }. What are the results?

(  




Nawapak Eua-anant
8 November  2548

Name:______________________________________________________________ID:________________

In class assignment

1. In MATLAB, why we need 2 sequences, signal values and time indices, instead of using only a sequence of signal values to represent a signal?

2. In MATLAB, what is an operator used to multiply 2 signals sample-by-sample. 

3. What knowledge do you get from this lab?
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