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2.4 Discrete Time systems
• 2.4.1 Discrete time system example:

– Accumulator
– Moving average filter ex2.13
– Median Filter ex2.14 , prog 2.5 and Median Filter 

Demo













This slide is copied from the [1]



Discrete time system examples





Matlab implementation

M add 

2 add 



% Program 2_4
% Signal Smoothing by a Moving-Average Filter
%
R = 50;
d = rand(R,1)-0.5;
m = 0:1:R-1;
s = 2*m.*(0.9.^m);
x  = s + d';
plot(m,d,'r-',m,s,'b--',m,x,'g:')
xlabel('Time index n'); ylabel('Amplitude')
legend('d[n]','s[n]','x[n]');
pause
M = input('Number of input samples = ');
b = ones(M,1)/M;
y = filter(b,1,x);
plot(m,s,'r-',m,y,'b--')
legend('s[n]','y[n]');
xlabel ('Time index n');ylabel('Amplitude')

FILTER One-dimensional digital filter.
Y = FILTER(B,A,X) filters the data in vector X with the
filter described by vectors A and B to create the filtered
data Y.  The filter is a "Direct Form II Transposed"
implementation of the standard difference equation:

a(1)*y(n) = b(1)*x(n) + b(2)*x(n-1) + ... + b(nb+1)*x(n-nb)
- a(2)*y(n-1) - ... - a(na+1)*y(n-na)

If a(1) is not equal to 1, FILTER normalizes the filter
coefficients by a(1). 
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Note: it is discrete signal







Bilinear interpolation









2.4 Discrete Time systems

2.4.2 Classification of Discrete- Time systems
– Linear system .. ex 2.15,16
– shift invariant system .. ex 2.17
– causal system
– stable system ex 2.18,19,20
– passive and step responses  

– Impulse and step responses ex 2.21,22,23



Classification of Discrete time 
systems

• Linear system=L
• Shift invariant system=TI
• Causal System
• Stable System=BIBO
• Passive and lossless systems







• Prove that the median filter is 
Nonlinear discrete time system













2.5 Time Domain characterization of LTI Discrete-Time Systems
2.5.1 input output relationship   ex 2.24,25, 26,27, 28
2.5.2 tabular method of convolution sum computation ex 2.29, 30
2.5.3 stability condition in terms of the impulse response ex 31,32,33
2.5.4 causality condition in terms of the impulse response























% Program 2_6
% Illustration of Convolution
%
a = input('Type in the first sequence = ');
b = input('Type in the second sequence = ');
c = conv(a, b);
M = length(c)-1;
n = 0:1:M;
disp('output sequence =');disp(c)
stem(n,c)
xlabel('Time index n'); ylabel('Amplitude');

Type in the first sequence = [-2 0 1 -1 3]

Type in the second sequence = [1 2 0 -1]

output sequence =

Type%20in%20the%20first%20sequence%20=%20%5b-2%200%201%20-1%203%5d%0d%0aType%20in%20the%20second%20sequence%20=%20%5b1%202%200%20-1%5d%0d%0aoutput%20sequence%20=%0d%0a%20%20%20%20-2%20%20%20%20-4%20%20%20%20%201%20%20%20%20%203%20%20%20%20%201%20%20%20%20%205%20%20%20%20%201%20%20%20%20-3
Type%20in%20the%20first%20sequence%20=%20%5b-2%200%201%20-1%203%5d%0d%0aType%20in%20the%20second%20sequence%20=%20%5b1%202%200%20-1%5d%0d%0aoutput%20sequence%20=%0d%0a%20%20%20%20-2%20%20%20%20-4%20%20%20%20%201%20%20%20%20%203%20%20%20%20%201%20%20%20%20%205%20%20%20%20%201%20%20%20%20-3
Type%20in%20the%20first%20sequence%20=%20%5b-2%200%201%20-1%203%5d%0d%0aType%20in%20the%20second%20sequence%20=%20%5b1%202%200%20-1%5d%0d%0aoutput%20sequence%20=%0d%0a%20%20%20%20-2%20%20%20%20-4%20%20%20%20%201%20%20%20%20%203%20%20%20%20%201%20%20%20%20%205%20%20%20%20%201%20%20%20%20-3
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Hybrid: cascade and parallel connections of several systems

h[n]=h1[n]+h2[n]*h3[n]+h2[n]*h4[n]

See example 2.35






