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EXAMPLE 3 Find the convolution of the signals

2 n=-2,0.1
x(n)= 43 n= -1
0 elsewhere

h(n)=8(n) —28(n—1)+38(n-2) — 8(n-13)

| 2,3,2.2
Solution: Given x(n) = { 1 }; hiny=1{1.-2, 3, -1}

x(n) starts at ny = -2 and h(n) starts at n, = (. The starting sample of y(n) is at n = n; + n,
= -2 + (0 = -2. Since number of samples in x(n) is 4, and the number of samples in h(n) is
4, the number of samples in y(n) will be 4 + 4 — 1 = 7. S0 y(n) exists from -2 to 4.

Method 1 Graphical method

We know that wn)= E x(k)h(n - k)

k=wce
From Figure 1 , we get

-

For n = -2 W=2)= Y x(k)h(-2-k) = 2.1 =2
Rinme
For n = -1 yW-1= i x(K)h(=1-k) = 2(<2) + 3-1 = -1
R
Forn =0 W0)= i X(k)h(-k) =23 +3(-2) +2:1 =2
ke-w
Forn =1 W)= i x()h(1=k) =2(<1) + 3(3) + 2(-2) + 2:1 =5

km—os

-

For n = 2 M2)= Y x(k)2-k) =3(1) + 23 + 2(-2) = -
keaee
For n =3 3= Y xkhhB-k) =2(-1) +23 =4
For n = 4 yd)= Y xtk)h(4-k) =2(-1) = -2
k=—as
2,-1,2,5,-1,4,-2
yin)= 1

To check the correctness of the result sum all the samples in x(n) and multiply with the sum
of all samples in i(n). This value must be equal to sum of all samples in y(n).

In the given problem, .Eﬂx{n} =0, Znh(n} =1, and Zny{n] =0,
This shows .Zl_x(n}.zmh(n]:zh}(n} (proved).

Therefore, the result 1s correct.
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Figure 1 Operation on signals xin) and hin) to compute convolution.

Method 2 Tabular array

Tabulate the sequence x(k) and shifted version of h(k) as shown in Table 1

Table 1 Table for computing yv(n).

k -5 -3 -2 -1 0 1 2 3 4 5 6
x(k) = - 2 3 2 2 - - - - =
(—k) - -1 3 -2 - - - - - -
n=-2 hi-2-k) -1 =2 1 - - - - - - - -
n=-1 hi-1-k) - 3 2 1 - - - - - - -
n=>0 hi— k) - -1 3 -2 1 - - - - - -
n=1 h(l — k) = - -1 3 -2 1 - - - - =
n=2 h(2 - k) - - - -1 3 -2 1 - - - -
n=73 3 - k) - - - - -1 3 -2 1 - - -
n=d4 hi4 — k) - - - - - -1 3 2 | - -
The starting sample of v(n) is at n = —2. y(n) is calculated as shown below.
From the table, we can see that
2
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Forn =12
For n = 3
Forn =4

Asst.Prof.Dr.Eng.Zaidoon.T.AL-Qaysi

W-D= 3 xtk)h(=1-k) = 2(-2) + 3-1 = -1

k=—es

W)= ¥ x(k)h(—k) =23 +3(=2) + 2:1 =2

k=—en

L=

yil)y= E x(kYh(1 k) = 2(-1) + 3(3) + 2(-2) + 2.1 =5

k=—w=

Y2y = Y xk)h(2-k) = 3(=1) + 2:3 + 2(-2) = -1

k=—os

L=

3= Y xk)h(3-k) = 2(-1) + 23 = 4

k=—w=

Lo

=Y xtkyh(d—k) = 2(-1) = -2

k=—oo

2,-1,2,5,-1,4,-2
yin)= 1

Method 3 Tabular method
v(n) = x(n) * h(n) is computed by tabular method as shown in Table 2.

TABLE 2.Table for computing y(n).

xim)

wWn)=2,-4+3,6-6+2,-24+9-4+2 -3+6-4,-2+6,-2

_[2,-1,2,5,-1,4,-2
- T
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Method 4 Matrices method

The given sequences are: 'x{n} = {x(0), x(1), x(2), x(3)} = {2, 3,2, 2}

T
and h(n) = (h(0), h(1), h(2), h(3)} = (1, 2,3, ~1)
T
The sequence x(n) is starting at n = —1 and the sequence h(n) is also starting at n = —1. So
the sequence y(n) corresponding to the linear convolution of x(n) and y(n) will start at n = -1 +

(=1) = =2. x(n) 1s of length 4 and h(n) is also of length 4. So length of y(n) =4 +4 -1 =7.
Substituting the sequence values in matrix form and multiplying, we get the convolution of
x(n) and h(n).

1 0 0 0 2

2 1 ol -1
2

3 -2 1 0 2
3

-1 3 -2 1 =15
2

0 -1 3 -2 -1
12

0 0 -1 3| - 4

0 0 0 -1 -2
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