Lecture 3



Circular shifting: Delaying




Circular shifting: Advancing
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Summary: Circular Operations




Methods of Circular Convolution

Generally, there are two methods, which are adopted to perform circular convolution and they are -
Concentric circle method,

Matrix multiplication method.

Concentric Circle Method

Let x1(n)x1(n) and x2(n)x2(n) be two given sequences. The steps followed for circular convolution

of x1(n)x1(n) and x2(n)x2(n) are

Take two concentric circles. Plot N samples of x1(n)x1(n) on the circumference of the outer

circle maintainingequaldistancesuccessivepointsmaintainingequaldistancesuccessivepoints in anti-clockwise
direction.

For plotting x2(n)x2(n), plot N samples of x2(n)x2(n) in clockwise direction on the inner circle, starting sample
placed at the same point as 0t sample of x1(n)x1(n)

Multiply corresponding samples on the two circles and add them to get output.

Rotate the inner circle anti-clockwise with one sample at a time.

Matrix Multiplication Method

Matrix method represents the two given sequence x1(n)x1(n) and x2(n)x2(n) in matrix form.

One of the given sequences is repeated via circular shift of one sample at a time to form a N X N matrix.
The other sequence is represented as column matrix.

The multiplication of two matrices give the result of circular convolution.



Circular Convolution

* Circular convolution is defined by:

N-1
velnl= > glmlh[{n—m)y\], 0<n<N-1
m=0

* N-point circular convolution is denoted as,

v[n] = gln|@ hn]
 The circular convolution is commutative, i.e

gln|™h[n] = hin]®g[n]



Circular Convolution: Method 1

N -point circular N-1
X(n) = (2,0,3,) convolution mgﬂg['"“’[{” —m)N]

h(n) = (10, 20, 30, 40)
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Circular Convolution: Graphical Method

) = 110, 20, 30, 40) Reversed Signal 2 Product

Signal 1
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Circular Convolution: Graphical Method

N—1

N -point circular VB
, glmlhlin —m)n]
x(n) = (2. 0, 3, +1) convolution m—=0
ot Reversed Signal 2 Product
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Circular Convolution: Graphical Method

N-1

N -point circular
'(n) L4 (2. °0 3. ") convolution ”E{} E[f”]!‘l:[{ﬂ — I }N]

hin) = {10, 20, 30, 40)
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Circular Convolution:-Graphical Method

Reversed Signal 2 Product

h((0-m))

2

win) = {2, @, 3, -1}
hin) = {10, 20, 30, 30}

L] m=1
Sigmal 1 -, 120 a0
=i -0
s(1) = 40 =+ 120 - 20 = 120
N -point circular N
P . Y elmlhl{n —m)y)
convolution m=l)

S(3) = 80 + &0 - 10 = 130



Circular Convolution: Method 2




Circular convolution: Matrix Method




Circular Convolution: Matrix Method




Circular convolution using DFT

Example - Consider the two length-4 sequences repeated
below for convenience:

o gl 0 ]
lfJ 0 0

n



Circular convolution using DFT

* The two 4-point DFTs can also be computed as

CGlO] g0l 1 1 1 1T

1] D gl _ |1 -5 -1 j |2|_
GI21|” "*el21 |1 -1 1 —1]0]|"
GIBl) [gB31) U 7 -1 - ULl ?
H[0] ] AO01] 1 1 1 172 ,
HI1] -D ALy (1 -5 -1 7 (2]
H211 74 Ah210 11 -1 1 =11
H[3] LR I A e A R Y




Circular convolution using DFT

The two 4-point DFTs can also be computed using the
matrix relation given earlier

CGLOT] (2[0]] 1 1 1 1 1 4
G[1] - D gl _ (1 —7 =1 j ((2]|_|1—J
G2l " g2t -1 1 =10 | =2
- G7[3]) | 2[3] 1 J -1 — 1 [ 1+ 7 |
T H (0] A0 1 1 1 1 27 [ 6
(1] - D aAll] | (1 —jF —1 7 21 | 1—J
H[21| 74 A2 (1 =1 1 —=1(1]| o0
| H[3] ] A31) 11 5 -1 —j il 1+ 7
| Y~[0]] [ GI[O]1H[O]]
Y[kl = | Yelll | _| GOIAND | _ P,
Y-12] G721 H 2] .
| Y [31] LGI31H[3]]




Circular convolution using DFT

0] 111 1TH
.v(‘[l] :1 I J _l _*j _,2 =
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Circular convolution using DFT

+ Ad-point IDFT of Y,JK] yields

U
yell| N1 j -1 =j)-2) P
j--’(*:Z: 4] —lﬁ l —+l Q
el L A N




Circular convolution using DFT

+ A4-point IDFT of Y,[K] yields
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Linear convolution using Circular
convolution

N -point circular
convolution

N—1
Eﬂ:[ﬂ!]h[{n — min] Glk]1H [k]



Linear convolution using Circular
convolution




Linear convolution using Circular
convolution




Linear convolution using Circular
convolution




Linear convolution using Circular
convolution




Linear convolution using Circular
convolution

N-point circular dit
coavolution mguﬂm]h“" —m)y] GIk)H (k]




Properties of DFT

Type of Property Length-N Sequence N -point DFT
gln] Glk]
hin] H[k]

Linearity agln] + Bhin] aGlk] + BH k]

Circular time-shifting

Circular
frequency-shifting

Duality
N -point circular

convolution

Modulation

glin — no)N)
Wy " g[n]
Gln]
N-—1

> eglmlal{n — m)n]
m={)

glnlh[n)

|
N

W G k]
Gk —ko)N]
Ngl(—k)n]
GIk)H (k]
N~1

GmlH[(k —m)y]
m=0



