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PROBLEM:
The following is a simple problem that might be posed about an LTI system:

Given the input sequence x[n] find the output sequence y[n] of a 5-point running average filter
for all values of n.

The following is a partial list of possible approaches to solving this problem:

1. Use the difference equation representation of the system to compute (e.g., using MATLAB) the output
y[n] for all required values of n.

2. Multiply the z-transform of the input by the system function and determine y[n] as the inverse z-
transform of Y (2).

3. Break the input into a sum of complex exponential signals, use the frequency response function to
determine the output due to each complex exponential signal separately, and finally, add the individual
outputs together to get y[n].

4. Some combination of the above methods. Remember, when the input is a sum of two or more signals
and the system is linear, we can solve the problem separately for each of the input components and
then superimpose the outputs. We can therefore use the method that is most appropriate for each of
the components of the input.

In each of these solution methods you would use one or more of the basic representations of the 5-point
running average filter. Which method is easiest will have a lot to do with the nature of the input signal. This
may require that you convert a given representation of the system into one of the other forms. For example,
if you are given the difference equation and you want to use approach #2, you will have to determine the
system function H (z) from the difference equation coefficients.

Now in each of the following cases, the input will be given. In each case, determine which representation
of the system and which of the above approaches will lead to the easiest solution of the problem, and detail
the steps in using that approach to solve the problem. For example, if you choose approach #2 to solve the
problem, your answer should be something like the following:

Step 1 Find X (z), the z-transform of x[n].
Step 2 Find H(z), the system function of the 5-point running averager.
Step 3 Multiply X(z)H (z) to get Y (z).
Step 4 Find the inverse z-transform of Y (z) to get y[n].
Now here are some possible inputs. In each case, state which of the above (#1, #2, or #3) approaches
you would use. There may not be a clear cut answer. Give the approach that you think will yield the solution
with least effort. Outline your approach to solving the problem of finding the output of the 5-point moving

averager. You do not have to actually find the output—just tell how you would solve it in a step-by-step
procedure described as illustrated above.

(@) x[n]is asampled audio signal. It is represented by a vector of 200000 numbers.
(b) x[n] =4cos(0.17n + 7 /2) + 3cos(0.4nn — ) for —oo < n < .

0<n<10
otherwise.

(©) xin] ={ .
(d) x[n] = 108[n — 50].

(e) x[n] =108[n —50] 4+ 4 cos(0.1wn + 7 /2) + 3cos(0.4nn — ) for —oo < n < .
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5-point running sveroage = LTI system
System representstions:
(1) Differenca equodion
yrn) = & immk)
ka0

(2) Impulse response

hin) = & &) + -’g Sn-1+ %S(n-z) +!~5—8cn-31+ é&n-m

5
(3) Frequnozj response
ZH(GB) = % [ i+ E'J‘:’-w-e"jz"ﬁ—r E:;RG’—'- Eq-'i@]

(4) System function
H(z) = .%( L4+ 20 ez 20z z27Y)
()
X(n) = samplad dudio signal represented by LOOO0O numbers
Step 1 : Compute the differena equahion thot describes
the LTI sysiem. Crepresentation (1))
Step 2 1 Use +he difference equation (with Matlab) to

colculate y(h)
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(b)x(m = 4cos(odTmM +T/2) + 3 cos(04Tm ~m) ~00 <N < 40
Step L: Find the frequency response H(Q) of 4he
LTT system L representshon (301

Step 2 : Evoluate H(&=o0.dm) and H(D=0 4m)

Step 3: Obtain response y,(n 4o  4cos (0.1t +T/2)
by muﬂ*;‘p‘.giwé lﬂﬂ(lﬁzo.|n)l4ms{o.im+g+ Bi(d=om) )

Step 4! Obtoin response Y,(n) to 3 cos(04TNn-11) by
mulkiplying 1 #H(&=04m| 3 cos(odmn -+ [Hbzodn )

Step 5 : Using lnearity pwoperty of +ha syskem fnd
yn) by addu'ng y,(n) and y )

Cep}

i 0<ng 10
X(n) = {
o)

otherwise

S+ep {: Find 4he imPu.ISe response  h(n) [wpvemr\h%'on (2)]
5+ep 2 Uuse convolution 4o find Min) = h(n) w X(n)

(d)
x(n) = {0 &§(n-50)

Step 4 : Find tha impulse response Rn) [ representation (2)]
Skp 2: Ase convoluhion to find yn) = h(n)# xtn) =

y(n) = h)* 108(n-s0) = 10 h(n-50)

1

4
2 2 S(n-e50)
¢=0
useful pmper‘l\éi h(ﬁ)% Stn) = h(n)
Nn) x §CN-no) = h(n-noe)
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(e)

X(n) = {0 B8(N-50) + 4cos( 0.4 +T/2 ) 4+ 3cos(0.4mm ~Tr)

~00 <N L+
This vequires a combination of approaches

Step L : Find impulse response hin) Lrepresentation (2)]
Sfep 2 :  Use convoluhon 4o find Vyn)  te imput {08 (n~-50)
Step 3

Find frequenay response HD) Crepresentation (3)]

Step4 :  Obtain response y,(n) +o input 4cos(0.(mn+T/z)

yatn) = [H(&=0m)] 4 cos(oumme T+ AH@0m) )

Step 5: Obtain response y ) to input 3 cos (0.4t -1r)
Yyt = L HG=04m ] 3 cos (0.4t -m1 4 [HB=04n) )
Step 6 © Using +he Unearity of the system Find

Yin) = Y (n)+y,n) +y,(n)
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