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Convolution is a mathematical operation on two functions producing a

third function that is affected at any time by all previous input values.

Convolution is the most important and fundamental concept in signal
processing and analysis. By using convolution, we can construct the output

of any LTI system for any arbitrary input signal, if we know the impulse

response of that system.

The impulse response goes by a different name in some applications. If the
system being considered is a filter, the impulse response is called the filter
kernel, the convolution kernel, or simply, the kernel. In image processing, the

impulse response is called the point spread function.

The convolution is performed by sliding the kernel along the input signal
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= The convolution of two discrete-time signals x| ]
and h[n] to produce a new signal y[n] 1s denoted

by:
v[n]= x[n]* )
and defined by
)= xln]* nln]= 3 [kl ~ ]
=,

=  This equation referred to as the convolution sum
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.  Commutative property:

vin|=hin}*x{n] = x[n]*hin]

li. Associative property
(x[n] * [n]) * N, [n] = % [n] hr [n] h, [n]

iii. Distributive property

x[n]* (h|n]+ b, [n]) = x[n]= k,[n]+ x[n]* 2, [n]
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Ex1 Find y[n]=xn]*h|[n]

x[n]
1 ijn]
|

v|n]|= x[n]* hln]= ZJA‘[k]/7 |n — k]
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Solution : Ex.1|(Method 1 - Graphical convolution)|

k ["] = kzzw—w.\‘ [/\’ ]/l [n o k] I h[k]

S

- < 1
N - — S— I& Y
-3 -1 01] 2 3 % K
x[k] =
6 ]_A.
4 T4 > ][ ]
1] [r. 51 |
) p 2 = _ 5
T2 4 a 2 3w - T i
Forn=20
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Solution : Ex.1 (Method 1 - Graphical convolution)

vnl= > x[k W[ — k] bt
| - Forn < O: I ZT] ‘Tl
’_—‘2 -T 0 1 2 3 4 HA.
h[n—k]
n<0 2
"TI'H -k
vlnl= > x[&k[n —xk]=o0
k=—o0
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Solution : Ex.1 (Method 1 - Graphical convolution)

_ x[k]
y[n]= k;w x|k n|n — k]

6
i 4
A e
21 o 1 2 3 4 k
I n—l\']
| -Forn=o0: | —_— * -
2 3
vIinl= (2)3) =6 v+ 1 1
v[n]=(2)(3) . S — :
~1
r ) hl|n—k|
|-Forn=1: | n=1
1 2 3
. _ : e . 3 ) T I o T
yIn]= @)=+ (4)3) v Ll ..
=10 -1
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Solution : Ex.1 (Method 1 - Graphical convolution)

o X [I\’]

yv[n]= > x|k n — k] .
h 1]
= I 1 2 3 IA_']"
I lz:n—k]
- Forn = 2: I =2
2 3
vin]=(2)(2)+ (4)(—1) + (6)(3) ,lt I .~ - o 1
— 18 3 -2-1 @ i 2 3 y
-1
| - Forn = 3: | hln— k] _—
vin]= (2)Q1) + (4)(2) + (6)(—1) + (4)(3) 1{ 2T r )
= 1.0 1 2] 3 v ;_.—.l\’
=3

Department of Biomedical Engineering

Dr. Zaidoon AL-Shammari



Graphical Method Al Mustaqbal ECAEE;

University College
=),

Solution : Ex.1 (Method 1 - Graphical con[viﬂution)
x|k

."[”]= i .\‘[k]h[n — k] 46I )
k=—o - I
"8 1 I i @3 I’_’/"
| - Forn =4: | h:n_/\—] o
v[n]= ()1 + (6)(2) + (X1 +(2)(3) |, 2 5
18 % O
-1 0 1 2 -il.i 5 A’
| - Forn = &: | hln — k] .
v[n]= (6)(1) + (4X(2) + (2)(- D) 3 T
— 12 | .. ¢ i |
- 10 1 2 3 4“11 5 ko
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Solution : Ex.1 (Method 1 - Graphical convolution)

= x[k]
vin]= . & | Jn|n — k]

= : T
*52 a1 2 a ’—’A
| - For n = 6: I ]"’—]"] _
n=0
vin]=(4)(1)+(2)2)=-28 - r
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Solution : Ex.1 (Method 1 - Graphical convolution)

vin]l= 3 x[kW[n - k]
k =—oo x[k]

69
$ 4
P 02. lT:Hk
-Forn = 8: 2-1 0 1 2 34
v[n]=o0 h|n—k] nz=8
) 3

] I -
Ae 4 5 3 4 -3 L om 2
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Solution : Ex.1 (Method 1 - Graphical convolution)

il

A
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Ex1 Find y[n]=xn]*h|[n]

x[n]
1 ijn]
|

v|n]|= x[n]* hln]= ZJA‘[k]/7 |n — k]
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Solution : Ex.1|{(Method 2 - Tabular method)

First: we denote the nonzero terms of the impulse response h[n] as the

\ hn]

h[K]={3 . -1 21}

Second: we reverse the order of this com | 1 m 2 -1 o 1]

h[k] £1:2:-1.3}

Third: we slide the nvo I« along the sequence X[n ~[r]

and take the dot product between them for all n. 6y

B

This process is illustrated in the following table for I i

a0, B x=[o-c:);:;é422-8];
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Solution : Ex.1 (Method 2 - Tabular method)

o et vlnl= 3 x[kJnln — k]
K -a|3|2|-1]o|1|2]3|a|5|6]|7 8]

nxlk] | 0 o o o 2 4 6 4 2 0 0O 0O O

" 0 |h[0—kK]| 1 2 -1 3 0]=[0002].[12-13]=6
1 [h[1-K] 1 2 -1 3 1]=[0 0 2 4].[1 2 -1 3] = 10
2 |h[2-K] 1 2 -1 3 y[2]=[0 2 4 6].[1 2 -1 3] = 18
3 [h[3-K] i 2 2 3 ;

4 |h[4-K] 1 2 -1 3 v[4]1=[4 6 4 2].[1 2 -1 3] = 18
5 [h[5-k] 1 2 1 3 |[y51=6420][12-13]= 12
6 h6-K e ao00 1213 =82 2 1 3|

77K NP ooot2a3=2]| |t 2 1 3|

hi8-kll | y[g1=[0000L.[12-13]= 0 EE
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Solution : Ex.1 (Method 2 - Tabular method)

v
=

Nip—_ )

“e
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Ex1 Find y[n]=xn]*h|[n]

x[n]
1 ijn]
|

v|n]|= x[n]* hln]= ZJA‘[k]/7 |n — k]

k=—ao
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The convolution of two discrete-time signals can be carried out with the
MATLAB M-file conv.

xfn] hin]
6 > 3
x=[0 2 4 6 4 2 0] | W S—
Qi i e
h=[0 3 -1 2 1 0]:; : : R T TR
RN 1
y = conv(x,h) ; I T 0 - : L P
pL—a—— i — -1 :
0 2 4 6 8 0 2 4 6
x[n]*h[n]
20 L] T L]
: : ® : b d :
B e S S S B e =
L e ] T B B S S =
- I S N UL RN | (N N - S |
£l I I .
0 =3 ' 4 6 8 TR

Dr. Zaidoon AL-Shammari Department of Biomedical Engineering



AL- MUSTAQBAL UNIVERSITY COLLEGE
DEPARTMENT OF BIOMEDICAL ENGINEERING

Dr. Zaidoon AL-Shammari Department of Biomedical Engineering



