
Part II: Discrete-time signals 

• Introduction (Course overview) 

• Discrete-time signals 

• Discrete-time systems 

• Linear time-invariant systems 
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Computing discrete convolution - Tabular method 

� Finite-discrete sequence: y[n] = x[n] * g[n]  

 

n: 

x([n] 

g([n] 

0        1       2        3        4        

   x[0]          x[1]         x[2]         x[3]        x[4]    

   g[0]         g[1]         g[2]         g[3]    

 x[0]g[0]    x[1]g[0]  x[2]g[0]  x[3]g[0]   x[4]g[0] 

     -             x[0]g[1]  x[1]g[1]  x[2]g[1]  x[3]g[1]  x[4]g[1] 

                         -         x[0]g[2]  x[1]g[2]  x[2]g[2]  x[3]g[2]  x[4]g[2] 

                                         -         x[0]g[3]  x[1]g[3]  x[2]g[3]  x[3]g[3]  x[4]g[3] ∑ ∑ 

y[0] y[1] y[2] y[3] y[3] y[4] y[5] y[6] 

x[n] = {x[0], x[1], x[2], x[3], x[4]} 

g[n] = {g[0], g[1], g[2], g[3]} 

What is the maximum length of y[n]? 
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Computing discrete convolution - Tabular method 

Example: consider the following two finite-length sequences, 

x[n] = {-2   0   1   -1   3   } h[n] = {1    2   0   -1   } 

n=0 n=0 

Find y[n] = x[n] * h[n]? 
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� If x[n] and h[n] are causal sequences,  

          then y[n] = x[n]*h[n] is also a causal sequence. 
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Simple Interconnection Schemes 

� Cascade connection: 

h1([n] h2([n] h2([n] h1([n] h1([n]*h2[n] 

Cascade of stable systems is stable 

� Parallel connection: 

h1([n] 

h2([n] 

+ h1([n]+h2[n] 

Parallel of stable systems is also stable 
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Simple Interconnection Schemes -example 

h1([n] 

h1([n] 

h1([n] 

h1([n] 

+ 

+ 

h1[n] = δ[n] + 0.5δ[n-1] 

h2[n] = 0.5δ[n] – 0.25δ[n-1] 

h3[n] = 2δ[n] 

h4[n] = -2(0.5)n u[n] 

Find the overall impulse response h[n]? 
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Linear Constant-Coefficient Difference Equations (LCCDE) 

Illustration On the board: 

 

LCCDE 

 

Frequency Response of LTI systems: 

 

Why it is important: 

A- easily obtained directly from unit sample response. 

B – Freq. Resp. allows us to obtain the response of system to sinusoidal 

excitation. And an arbitrary sequence can be represented as a linear 

combination of complex exponential or sinusoidal sequences. 

 

Properties of Freq. Response: 

A- function of continuous variable ω (changes continuously) 

B – periodic function of ω. period = 2π 
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Matlab Functions 

Plot signals:  

-stem(xn) 

-plot(n,xn) 

 

Computing Convolution: 

- conv(xn,hn) 

 

Computing Cross-correlation (Rxy) and auto-correlation (Rxx): 

- Rxy = conv(xn,fliplr(yn) 

- Rxy = xcorr(xn,yn) 

- -Rxx = xcorr(xn) 

 

 


