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1.3. 8 Solved Problems on Circular Convolution :
We can obtain the circular convolution of two sequences using two methods as follows :
A) Using Graphical Method B) Using Matrix Method.

A) Circular convolution using Graphical Method :

Prob. 1 : Given the two sequence of length 4 are :
: x(n) = {0,1,2 3
h(n) = 2,1, 1,2}
Find the circular convolution.
Soln. : According to the definition of circular convolution,

N-1
y(m) = 3 % (n)-x,(m-n)y | D)
n=0

Here given sequences are x (n) and h(n). The length of sequence is 4 that means N = 4.
Thus Equation (1) becomes,

3 .
y(m) = 3} x(n)h(m-n)), 2)
n=0 ‘ 2
StepI:Drdw x (n)and h(n) as shown in Fig. F-11 (a) and (b).

Note that x (n) and h (n) are plotted in anticlockwise direction. .

Fig. F-11 (a) : x(n)-{O 1,23}



Fig. F-11 (b) : h(n) = {2, 1,1, 2}

Now we will calculate different values of y (m) by putting m = 0 to m = 3 in Equation (2).
Step II : Calculation of y (0) :

Putting m = 0 in Equation (2) we get,

‘ 3 .
y(0) = 3 x(n)h((=n)),. -(3)
n=0 ‘

Equation (3) shows that we have to obtain the product of x (n) and h((—n)), and then we
have to take the summation of product elements. Using graphical method this calculation is done as
follows. The sequence h ((-n)), indicates circular folding_ of h(n). This sequence is obtained by

plotting h (n) in a clockwise direction as shown in Fig. F-11(c).

Fig. F-11(c) : h(n) is plotted in clockwise direction

To do the calculations; plot x(n)and h((—-n)) on two concentric circles as shown in

Fig. F-11(d). x (n) is plotted on the inner circle and h((—n)) is plotted on the outer circle. Now

accordmg to Equation (2); individual values of product x (n) and h((—n) are obtained by
mu1t1ply1ng two sequences ‘point by point. Then y (0) is obtamed by adding all product terms.
y(0) = (O><2)+(1x2)+(1><2)+(3x1)—0+2+2+3




3
Fig. F-11(d) :  x(n)h((-n)),
n=90

Step HI : Calculation of y (1) : Putting m = 1 in Equation (2),
3
y(1) = 3 x(m)h((1-n)), (@)
n=0 _
Here h((1-n)), is sane as h((-n+1 )4 This
atting indicates delay of h((—n) by 1 sample. This is

obtained by shifting h(-n)) in . anticlockwise
direction by 1 sample, as shown in Fig. F-11(e).

We have already drawn the sequence x(n) as
shown in Fig. F-11(a). To do the calculations, according
to Equation (4), - two sequences x(n) and
h((1-n)), are plotted on two concentric - circles as
shown in Fig. F-11(f). y (1) is obtained by adding the
product of individual terms.

il

Fig. F-11(0) : h ((~n+1)),.

Y(1) = (OX1)+(3x1)+(2X2)+(1x2)=0+3+4+2




Fig. F-11(0) : y (1) = Y, x(n)h((1-n)),
n=0 ’

Step IV : Calculation of y(2): Putting m = 2 in Equation (2) we get,
3
y(2) = 3 x(n)h((2-n)), (5
n=0

New starting
position

Fig. F-11(g) : h((-n+2)),
Here h ((2-n)), is same as h ((- n+2)),. It indicates delay of h ((—n)), by 2 samples. It is
obtained by shifting h ((—n)), by two samples in anticlockwise direction as shown in Fig. F-11(g).

According to Equationi (4) the value of y (2) is obtain by adding individual product terms as
shown in Fig. F-11(h). o



h(0)

Fig. F-11(h) : y(2k) = 2 x(n)h((2-n)),
n=20

y(2) = (Ox1)+(3><2)+(2><f2)+(1><1)=0+‘6+4+1

Step.V : Caleulation of y (3) :
Putting m = 3 in Equation (2) we get,
. y(3) = 3 x(n)h((3-n), .6
n=0

. .;)-2 Here’h((3—n))4 is same as h((‘—n+3))4. It
indicates delay of h ((—n)), by 3 samples. It is obtained
by shifting h((-n), by 3 samples in anticlockwise
direction as shown in Fig. F-11(i).

Fig. F-11() : h ((-n+3)),

- According to Equation (5), y (3) is obtained by adding individual product terms as shown in
Fig. F-11().

Y(3) = (0x2)+(3x2)+(2x1)+(1x1)=0+6+2+1




Fig. F-11G) : y(3) = Y, x(n)h((3-n)),
n=0

Now the resultant sequence y (m ) can be written as,
y(m) = {y(0),y(1).,y(2).y(3)}

Prob. 2 :  Using graphical method, obtain a 5-point circular convolution of two DT signais defined
as,
x(n) = (1.5), 0<n<2
y(n) = 2n-3, 0<n<3

Does the circular convolution obtained is same to that of linear convolution ?
Soln. ©  First we will obtain the sequences x (n) and y (n) by putting values of n as follows :
Given, x(n) = (1.5, 0<n<2
Forn=0 = x(0)=(15)°=1
Forn=1 = x(1)=(15) =15
Forn=2 = x(2)=(15)" =225

x(n) = {1, 1.5, 2.25} (D
Nowy(n) = 2n-3,0<n<3 "
Forn=0 = y(0)=0-3=-3
Forn=1 = y(l1)=2-3=-1
Forn=2 = y(2)=4-3=1
Forn=3 = y(3)=6-3=3



y(n) = {-3,-1,1,3}

-(2)

It is asked to calculate 5-point DFT. That means length of each sequence should be 5. This

length is adjusted by adding zeros at the end of each sequence as follows (zero padding) :
{1, 1.5, 2.25, 0, 0}

x(n)

and y(n) = {-3,-1,1,30}

Now according to the definition of circular convolution we have,

N-1
y(m) = Y x (n)x,(m-n))y
‘ n=0
Here the given sequences are x (n) and y (n) and lengfh N =>5.
y(m) = Y, x(n)y((m-n)y
. n=0 '

Step I : Draw x (n) and y (n) as shown in Fig. F-12(a) and (b) respectively.
“Here x (n ) and y (n ) are plotted in anticlockszé direction.

) y(n)=1{-3,-1,1,3,0}
" Fig. F-12

Now we will obtain values of y (m) by putting m = 0 to m =4in Equation (6).

..(3)
(4)

..(5)

..(6)



Step II : Calculation of y(0) :
3 4 )
Putting m = 0 in Equation (6) we get, y(0) = Z x(n)y((—-n ))5 (T
n=0 L :

Here y ((—n)) indicates circular ‘folding of y(n). It is obtamed by plotting y(n) in
clockwise direction as shown in Fig. F 12(c).

Starting
position

Flg F-12(c) : y ((— Il))

According to Equation (7), y(0) is obtained by adding all product terms as shown in
Fig. F-12(d). Here x (n) and y ((—n)); is drawn on two concentric circles.

Fig. F-12(d) : y(0) = Y, x(n)y(-n)

n=0
[1x(=3)1+[0x (- 3)]+[0><1]+[225x3]+[15x0]
340+0+675+0

y(0)

It




Step III : Putting m = 1 in Equation (6),
4
y(1) = X x(m)y(1-n); (8
n=0

starting
T R NG

Here y (( 1-n)), indicates delay of y ((-n)) by. 1

sample. It is obtained by shifting y ((—n)) by 1 sample
in anticlockwise direction as shown in Fig. F-12(e).

Fig. F-12(¢) : y (1 -n))s

According to Equation (8), value of y (1) is obtained a shown in Fig. F-12(f).

Fig. F-120 : y (1) = ¥ x(n)y((1-n));
n=0

y(1)=[1X(=1)]+[0x1]+[0x3]+[0x225]+[15x(=3)]=—-1+0+0+0~4.5




Step IV : Putting m = 2 in Equation 6),
g 1
y(2) = Y x(n)y((2-n); .9
. n=0
Here y((2-n)); is delay of y((-n)); by 2
samples. It is obtained By shifting y ((—n ))5 by 2

samples in anticlockwise direction as shown in
Fig. F-12(g). '

Fig. F-12(g) : y((2—n ))5'

y (2) is obtained by adding all product terms as shbwn in Fig. F-12(h).

4 .
Fig. F-12(0) : y(2) = Y, x(n)y(2-n))s
n=0

y(2)=[1X1]1+[0x3]+[0x0]+[225%(-3)]+[15%x(~-1)]=1+0+0-6.75-1.5




Step V : Calculation of y(3) :
Putting m = 3 in Equation (6) we get,
4 ,
y(3) = Y x(n)y((3-n)y  ..(10)
n=0
_ Here y((3—n)); is delay of y((-n))s by 3
samples. It is obtained by--shifting y ((-n)); by 3

samples in anticlockwise direction -as shown in
Fig. F-12(i).

Fig. F-12() : y (3-n))s

y(3)is obfained by adding all product terms as shown in Fig. F-12(j).

. 4
Fig. F-12G) : y(3) = Y, x(n)y(3-n));
n=0

[1x3]+[0x01+[0x(=3)]+[225x(-1)]+[15x%x1]
3+0+0-225+15

y(3)




Step VI : Calculation of y (4) :
Putting m = 4 in Equation (6) we get,
4
C¥(4) = ¥ x(m)y((4-n); (1D
n=0 :
Here y((l.l—n))5 is delay. of y((-n)) by 4
samples. It is obtained by shifting ‘y ((—n))5 by 4

samples in anticlockwise direction as shown in
Fig. F-12(k).

y (4) is obtained as shown in Fig, F-12(})

4

Fig.F-12(l):y(4)=.2 x(n)y(4-n)s
n=0

ooy (4)

[1X0]+[0x(=3)]+[0x(~1)]+[225x1]+[15%3].
0+0+0+225+45 ’




- Now the result of circular convolution can be expressed as,

y(m)
y(m)

{y(0),y(1),y2),y(3), y(4)}
{3.75, - 5.5, - 7.25, 2.25, 6.75}

A) Comparison with linear convoiution :

We will obtain linear convolution of two sequences using tabular method. We have,

x(n)
and y(n)
Let y,(n)

{1, 1.5, 2.25} = {1, 1.5, 2.25, 0}
{-3,-1,1,3}
x(n)*y(n)

The linear convolution of x (n) and y (n) is shown in Fig. F-12(m).
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Fig. F-12(m) : x (n) *y(n)
From Fig. F-12(m),
' y, (0) = =3 '
y, (1) = —1-45=-55
y,(2) = 1-15-675=-725
y (3) = 3+15-225 =225
y,(4) = 45+225=675
y,(5) = 675+0=675
y,(6) = 0

Thus x{(n)*y(n)

[~3,-55,-725,225,675,675,0]

(12)

.(13)

Equations (12) and (13) show that circular convolution and linear convolution are not same.



B) Circular convolution using matrix method :

The graphical method which we have studied is tedious, especially when many samples are
present. While the matrix method is more convenient. In the matrix method, one sequence is
repeated via circular shifting of samples. It is represented as follows :

we have y(m)=x(n)@ h(n)=h(n)@ Nx(n)

[ y0) T [ h(0) h(N-1) h(N—z)... h(2) k(1) ][ x(0)
y(1) | h(1)  h(0) h(N-1)... h(3) h(2) x(1)
y(2) h(2) h(1) h(0) ... h(4) h(3) x(2)

y(N=-2) R(N-2) h(N-3) h(N-4) - h(0) h(N-1) x(N-2)

| y(N-1)| | h(N~-1) h(N-2) h(N-3) - h(1) h(0) _J_x(N—"l)J'

Prob. 3 : Determine the sequence

x(n)@h(n)»

y(n) =
where X(n) = {1,2, 3,1}
. T.
and h(n) = {4, 83, 2, 2}
N

Soin. :

We have, y(m) = xz(n)®x1(n)=h(n)®x(n)

Using matrix method,
Here x(0)=1, x(1)=2, x(3)=3, x(3)=1

and h(0) =4, h(1)=3, - h(2)=2 h(3)=2

Here N=4

In the matrix form we have
_ L :”‘\,’ :"\\, I:’“\, _ _
y(0) h©) 1 h3) | b2 | D [ x(0)
(1) () | h©O) | hG) | hQ) x(1)
y@ | | he h(1) h(0) h(3) x(2)
y3) .h3) - h@) -/ h) -~ ho) x(3)



[y(0o)] 4 2 2 3711
y(1)| _ |3 4 2 2|2
y(2)| " |2 3 4 2|3
Y(3)j 12 2 3 411
[y (0)] "(4><1)+(2x2)+(2x3)+(3x1)'. ’4+4+6+3"
y(1) (3x1)+(4X%2)+(2%x3)+(2x1) 3+8+6+2
y(2) (2X1)+(3%2)+(4x3)+(2x1) las6+1242
_y'(3)_ b(2><1)+(2x2)+(3x3)+(4x1)J _2+4+9+4
[y(0)] T17
y(t)y( _ |19
y(2)| |22
Ly L

y(m) = x(n)@ h(n)= (17,19, 22, 19}





