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LINEAR TIME INVARIANT SYSTEMS (LTI)
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LINEAR SYSTEMS

If a systemis linear, this means that when an input to a given systemis scaled by @
value, the output of the systemis scaled by the same amount.

) ——» L —— y(})

ax(t) — L I — 5 qy)

In Figure above, an input x(1) to the linear system L gives the output y(1). If x(1) is
scaled by a value a and passed through this same system, as in Figure, the output
will also be scaled by a.
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A linear system also obeys the principle of superposition. This means that if two inputs are
added together and passed through a linear system, the output will be the sum of the
individual inputs' outputs. It shows in Figure below.
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Superposition of Individual Input

If the inputs x and y are scaled by factors a and B, respectively, then the sum of these
scaled inputs will give the sum of the individual scaled outputs:

axi®)—> L [——> ayi(t) Bxo(t) ———» L ——> PBya(t)

axi(t) + px2(t) ———» L — ay (1) + Bya(t)

Superposition of Scaled Input
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TIME INVARIANT SYSTEMS

A time-invariant system has the property that a certain input will always give the
same output (up to timing), without regard to when the input was applied to the
system.
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x(-to) — T — 5 y(t-10)

LINEAR TIME INVARIANT SYSTEMS

Certain systems are both linear and time-invariant, and are thus referred to as LTl
systems.

() —— LTI —» y(1)

LTI

ax(t-to)) ——» —> ay(t-to)
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As LTI systems are a subset of linear systems, they obey the principle of
superposition. In the figure below, we see the effect of applying time-invariance to
the superposition definition in the linear systems section above.

xi) — LTI — yi(d) x2()) —— LTI ———  ya(D)

Principle of Superposition

axi(t-to) + Pxo(t-t)) ———» L ——» ayi(t-t0) + By2(t-to)

NOT

Irra

IMPORTANT and USEFUL properties of systems :

Linearit
| J L

\ ’
The knowledge that a sum of input signals produces an output signal
- “  thatis the summed original output signals and that a scaled input
’ A ) signal produces an output signal scaled from the original output

[ ]
v signal.

J Time invariance

Ensures that time shifts commute with application of the system. In
N P other words, the output signal for a time shifted input is the same as
- - the output signal for the original input signal, except for an identical
shift in time. Systems that demonstrate both linearity and time
’ -— S invariance, which are given the acronym LTl systems, are particularly
hd simple to study as these properties allow to leverage some of the
most powerful tools in signal processing.
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INTRODUCTION _ CONVOLUTION

The input-output relationship for LTI systems is

described in terms of a CONVOLUTION operation.
Knowledge of the response of an LTl system to the unit
impulse input allows us to find its output to any input
signals.

LTI systemis asystem satisfying both the linearity and the time-invariance property.

T

-response to a linear combination of
inputs is the same linear combination of
the individual responses.
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" Time Invariance
-in effect, the system is not sensitive to the
time origin

System, T is linear if and only if y(n)=y(n)
i.c., [ safisfies the superposition principle.

ym)y=T [a,xl[n]+ azxz[n]]

Y= alT[xl[n]]"' a'zT[xz["]]
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CONVOLUTION OPERATION

The convolution of two signals is a fundamental operation in
signal processing. The main use of convolution in engineering is
in describing the output of a linear, time-invariant (LT system.
By using convolution, we can construct the output of a system
for any arbitrary input signal, if we know the impulse response of
a system.
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If the signal x[n] is applied to an LTI system with impulse response
h[n], then the output signal y[n] is:

Convolution is represented by the symbol *

Convolution is mathematical way of combining two signals to
form a third signal. Convolution is a formal mathematical
operation just as multiplication, addition and integration.
Addition takes two numbers and produces a third number, while
convolution takes two signals and produces a third signal.

Application of convolution can be seen in digital image
processing and real-time signal processing such as audio signall
processing, video/image processing and large capacity data
processing. Filtering is application of convolution operation to
an image to achieve blurring, sharpening, edge extraction or
noise removal effect.
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EFFECTS OF CONVOLUTION 9
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edge extractor
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Modified Image

noise remover
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Convolution is applicable to both continuous-time and discrete-
time linear systems.

For continuous-time signal is called Convolution Integral while
for discrete-time signal is called Convolution Sum.

CONVOLUTION INTEGRAL
| ImekeResomse: o

- The impulse response h(t) of a
continuous-time LIl system 0 g 0
(represented by T ) is defined to > 7 >
be the response of the system
when the input is §(1), that is, h(t) 5(1 —T) h(t —7)
= T{8 (D}. Transformation of § (1)
is shown in Fig. 0T 0 7
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The convolution of two continuous-time signals x(1) and h(t) denoted by commonly called
the convolution integral.

CONVOLUTION
INTEGRAL

OPERATION Add a time-offset, 1, which allows h(t- 7) to slide along the z-

axis.4.

Start t at -o0. Wherever the two functions intersect, find the
integral of their product. Steps 1 to 3 are repeated as t varies
over -oo to o to produce the entire output y(t).
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GCraphically, in order to compute the convolution integral it will decompose into a few
steps.

EXAMPLE |

Compute the convolution y(1) = x(1) * h(1) of the following pair of
similar signals form.

h(r) x(1)
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SOLUTION

h(7) xX(7)

h(Tt) h(—1)

h(t —1) x(7)
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Case 1 %

h(t—71) x(7) :I'-:rcﬂnns
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fepe
t=T t 0 r T "'ﬁrltTntf:ﬂn t
pru‘d‘l.l 0 o
entireg nuf:.l:h:;:ﬂ
»()=0 ‘

Case 2

0<t<T

h(t—1) x(7)

-7 0 ¢ T T

y(t)zjdr =

Case 3

0<t-T<T —» T=t22T

x(7) h(t—1)

0 (=T T t r

y(l) = j dr=T—-(/-T)=2T—1{

=T
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Case 4

I'<t-T — 2T<t¢t

| I1dNVYXT — TVIOILNI ANOD

x(7) h(t—1)
0 I't-T r T
y()=0
Convolution y() = x(1) * h(t)
o () = x()* h(D)
!
= <
2T —t
~ 0
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EXAMPLE 2

Compute the output y(#) for a continuous-time LTl system whose impulse
response h(t) and the input x(1) are shown in Figure.
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x(1) h(y)
14 1t
-1 1 >1 -1 3 >
I|-l"—'i|
x(7) h(7)
ﬂ‘ A
l 1
Step
|:
Express each 1 1 —+(7) -1 3 >(7)
functionin terms of
dummy variable 1.
I|-l"—‘||
h(r) h—T7)
A A
Step
op —>
Reflect one of the R N
functions ( either 1 3 >(7) 3 )
h(t) or x(z) ) : h(z)
- h(-t
|I""—"‘
h(t—r1) x(7)
Step
3:
Add a time-offset, >(7)
t, which allows 3+t L+ -1 1

h(t-) to slide along
the -axis.




— > > >
) “‘ 4
l,r'—h\.
Start t at -oo.
Wherever the two
functionsintersect,
find the integral of
Step jheir product.
4: Steps | to 3 are
repeated as t
varies over - to
oo to produce the
entire output y().
Case 1 . 1+t<-1;t<-2
h(t—1) 1 x(n) ] y\left(t\right)
=f x(Dh(t—1)dr
>(r
3+t 1+¢ 1l 1 (©)
\ | 1+t>-1;t>-2
CaseZ E l1+t<1l;t<0 -2<t<0
E 1+t
| y(t) =f x(Dh(t — 1)dr
. =il
h(t—1) | x(7) e
= f 11dr = [r]it
-1
>(7) =[1+-(-Dl= 2+t
3+t S|
" E I1+t>1;t>0
i Betedite<? 0 <1<z
Case 3 ! .
E y(t) =f x(Dh(t — 1)dr
1 =il
h(t—r1)1 x(7)
3era li+r 0
— , 3+ t>-1,1>2
Case 4 E 3+t<l;t<4 2 <t<4
I 1
| o = (Dh(t —1)d
| x(0)  h(i-1) 0 = [ o=
3 ,'(r) — M —(-3+D1=4—t

0O
- O
=
<
=
_I
m
O
o
>
—
|
m
<
>
<
O
—
m
N
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Case 5

Output y(1) for a continuous-time LTI system whose
impulse response h(t)

0 f=-2
2+t -2 <f<0
2 0 <t<2
44—t 2 <t<d
>4

Y1) = x(1)*h(1)

3+t>1t>4

3+t
N v©® =f x(Dh(t — 7)dr
1

-3+t
= j. 0.0dr =0
1

¢ I1dAVYX3 = TV4OILINI ANOD

14
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EXAMPLE 3

Consider the continuous-time signals, x(1)=u(1) and y(1) are shown in Fig.
Compute these two signals and sketch the output, z(1)

x(1)
A
2 y(t)
#
] |
> — > ¢
| 3 0
2 1+t<0;t<1
x(t-1) y(D) y(t) = f x(Dh(t — Ddr
] [ 0
> T
-3+t -1+t O
2 -1 +1t>0;¢t>1
-3+t<0;t<3 1 <t<3
X(T-T) Y(‘L’) -1+t
1 y(t) = f x(Dh(t — v)dr
0
-1+t
> T = f 2.1dr = [21];**"
-3+t O -1+t 0
=[2(-1+¢t) —2(0)]= -2 +2t
2 3+¢t>0 t>-3
X(f'T) Y(T) y(t) — f__;:ttx(‘r)h(t —Ddr
I = [i21dr = (2073
o [2(-1+1) —2(-3 +1)]

L A
0-3+t -1+t —2+2t+6—2t= 4

¢ A1dIWVX3 ~ TVIOIINI ANOD
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KEEP
TRYING

TRYING
) TRYING ¢

TRYING

¢ I1dAVYXT = TVYOILINI ANOD
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EXAMPLE 4

Compute and sketch the output y(t) using convolution integral for input signal,
x(1) and impulse response h(1).

x(-1) h(t)

y(@®

RE R N

¥ I1dWVYX3 — TVADILNI ANOD

O<t=<?2

y(t) = fot ledt=1-¢t

t=2

y® = [ ,1.e7"dr = 6.39%"
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CONVOLUTION SUM
_ ImpukeResponse:  ©
51n] h[n]

- The impulse response h[n] of a impulse input at t=0 discrete impulse response
continuous-time LTI system
(represented by T ) is defined to
be the response of the system
when the input is §[n], that is,
h[n] = T {6 [n]}. Transformation of | ©©©000000

S[n]isshowninFig. 012§45678 0126T45678
Time [s] Time [s]

WNS NOILNTOANOD

The convolution of two discrete-time signals x[n] and h[n] denoted by commonly called
the convolution sum.

[o0]

y[n] = x[n] * h[n] = Z x[k]h[n — k]

k=—0c0

\ The convolution integral
. Mperationinvolves the following
four steps :

The impulse response h[k] is time-reversed (that is,
reflected about the origin) to obtain h[-k] and then
shifted by n to form h[n - k] = h[-(k - n)], whichis a

function of k with parametern.

Two sequences x[k] and h[n - k] are multiplied
together for all values of k with n fixed at some value.

The product x [k] h [n - k] is summed over all k to
produce a single output sample y[n].

Steps | to 3 are repeated asn varies over - to + to
produce the entire output y[n].
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EXAMPLE 5

The input x[n] and the impulse response h[n] of a discrete-time LTl system are
given by figure below. Find the y[n] graphically

Step 1: g impulse response hik] is time-reversed

(that is, reflected about the origin) to obtain
h[-k] and then shifted by n to form h[n - k] =
h[-(k - n)], which is a function of k with
parameter n.

x[k]

G A1dIWVXT ~ WNS ANOD
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Step 2-4: Tyo sequences x[k] and h[n - k] are multiplied together
for all values of k with n fixed at some value.

The product x [k] h [n - k] is summed over all k to
produce a single output sample y[n].

Steps | to 3 are repeated as n varies over - to + to
produce the entire output y[n].

G A1dIWVXT ~ WNS ANOD

x(K] !
1 k
- 1 -k] ;
T l O: IT - >k
h[-k] b2 *[klh[n — ]
' ' s A = [~ 11[1] + [1][-1] + [0] 2]
T O | 2T B +[2101]
l ﬁk
h[ 1-k] 2

. [—1][o] + [1][1] + [0][-1]
T P + [21[2]
| 2 s 3

l > k =5

o
—
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(@)
@)
- ourhur Z
<
. yln] 5 w»
y[n] graphically ° C
<
S [
<
yln] = {3,0, 3} >
0 I 2 %
@ > N —
m
O

EXAMPLE 4

The input x[n] and the impulse response h[n] of a discrete-time LTl system are
given by figure below. Find y[n] by suitable method.

hin]={1 2 -1}
x(n]={4 | 2 5}

h[n] 1 ? -1
x[n] X 4 1 2 5
4 8 -4
1 2 -1
2 4 -2
+ S 10 -5
y[n] 4 9 0 8 8 -5

: - ouruT
®

y[n]

@
@ o

T yIn] = {4, 9, 0, 8, 8, -5}
o] g2l 3l 4

v
-]
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PROPERTIES OF CONVOLUTION INTEGRAL

TVUOILINI 'ANOD 40 S311d3dOdd

THE COMMUTATIVE PROPERTY

x(£)* h(t) = h(t)*x(t)

x(t)*h(t) = j x(Dh(t—1)dr

[oe]

X +h(t) = | (= Ph(drde

= h(t) * x(t)

THE DISTRIBUTIVE PROPERTY

[x(t) * hy (O] * hy () = x(t) * [A, (1) * hy (D]

THE ASSOCIATIVE PROPERTY

x(t) * [y @) + hy(©)] = x(t) * hy @)+ x(t) * hy(t)

THE TIME-SHIFT PROPERTY

If y(t) = x(t) = h(t) then x(t — ty) *h(t) = y(t — ty)
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EXAMPLE 6

The system shown in figure is formed by connecting two systems in cascade. The
impulse responses of the systems are given by hi(t) and ho(1) respectively. Find the
impulse response h(t) of the overall system.

w(t)

x(1) —— hi(1)

ho(t) ——  y(1)

v

Let w(t) be the output of the first system.
w@) = x(A * hi()

=
P,
O
-
m
o)
—
m
(2]
®)
=
0O
®)
P
<
(2]
C
<
|

T
><
>
<
o
—
m
(o)

Then we hove
y®) = w) * ha®) = [x(}) * hi(H] * ha(d)

But by the associativity property of convolution, it can be rewritten as

y@®) =x(®) *[hi)*h2(1)]
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PROPERTIES OF CONVOLUTION SUM

THE COMMUTATIVE PROPERTY

x[n] * h[n] = h[n] *x[n]

THE DISTRIBUTIVE PROPERTY

x[n] *{hq[n] +hy[n]} = x[n] * hy[n]+ x[n] * hy[n]

THE ASSOCIATIVE PROPERTY

{(x[n] * hq[n]} * hp[n] = x[n]* {hy[n] * hy[n]}

8,
S,
O
o
m
0
—
m
(9
O
Tl
0O
O
P
<
%
C
<

THE TIME-SHIFT PROPERTY

If y[n] = x[n] * h[n]thenx[n — k] * h[n] = y[n— k]
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EXAMPLE 7

Express the input-output relationship for a block diagram of LTI system shown in
figure below

hz [n]

X [n] ————p hiln] ¥

hs [n]

Z ATdWVYXT ~ NS "ANOD 40 S31143d0dd

yi[n]=x[n] * hi(})
y[n]=yi[n] h2[n] + yi[n] h3[n]
= x[n] hi[n] h2[n] + x[n] hi[n] h3[n]

= x[n] hi[n] (h2[n] + h3[n]

25
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CONVOLUTION MATLAB

'lA mathematical way of combining two signals to formbi
Ja new signal is known as Convolution|

| In Matlab for convolution ‘conv’ statement is used

| The convolution of two vectors, p, and q given as
[“a = conv( p,q )" which represents that the area ofi
~loverlap under the points as p slides across g

|Convolution is the most important technique in
[Digital Signal Processing. The direct calculation of]
ithe convolution can be difficult so to calculate itf
leasily Fourier transforms and multiplication methods|
Jlare used’

=
|
P
O
o
c
@)
-
O
=
O
=
0
®)
p
<
®)
=
C
-
®)
=
<
>
_|
—
>
(L

[#EDUCBA|

HOW TO DO CONVOLUTION MATLADB

. Step 1: Take an input signal and also define its length

. Step 2: Take an impulse response signal and defined its length

o Step 3: Perform a convolution using a conv function on Matlab

. Step 4: If we want to plot three signals we use a subplot and stem
functions.
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LINEAR CONVOLUTION

o O 1
! §o et ([ /, -~ A9

Pl R, ,
§ i ‘ r\q . ¢ . \ ‘Q\ [ G A ‘ ¥ '
\"4 . r) ‘ ¢ . {hﬁ ‘:‘Q""

p» {

If fhc inpuf and‘impulse response of a sysf is x[n]

%nd hin] W&vely, the convoj,ﬁon alven b%

the expression,

=
=
m
>
P
(@)
©)
=
<
©)
~
C
-
©)
=

x[n] * h[n] = Xx[k] h[n- k]

Where k ranges between -» and »

In this equation, x(k), h(n-k) and y(n) represent the input to
and output from the system at time n. One of the inputs is
shifted in time by a value every time. It is multiplied by the
other input signal.

LINEAR CONVOLUTION

is quite often used as a method of implementing filters of
various types.

In mathematics and in particular functional analysis:
CONVOLUTION »}

is similar to cross-correlation that has applications that
include probability, statistics, computer vision, nafural
Ianguag‘: processing, image and slgnal processlng,

engineering, and differential Lﬂ "“ w
)
40 i\
' ‘

N A P y 4 A
Na'. C A Yy . R A
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EXAMPLE

Linear convolution integrals

n = -10:10;

x1l = [1 2 3 4]; % the data value

subplot(4,2,1); % This the first subplot

stem(xl); % stem plot of the x1 data without performing
convolution operation to it.

title|() ===~ xl(n)----");

hl = [1,2,3]; %This is the second data value.

subplot(4,2,3) ;

stem(hl) ; $stem plot of the second data value without
performing convolution operation to it.

title('---—-- Jal LG o e o el )

u
><
>
<
o
—
m
©)
B
(@)
©)
=
<
©)
—
C
—
©)
=
<
>
_|
—
>
>

11 = conv(xl,hl) % %conv gives the convolution of x1 and
hl vectors. 11 stores these values.

subplot(4,2,5) ;

stem(1l1l) ; %$gives the stem plot of the 11 data values.

$%%%%1linear convolution%%$%%%% ‘

title('-———-- linear convolution-1--"');
—==-x1(n)----
4 T T |( ) T T LY
o
2r Q i
o)
0 | 1 |
1 1)l7 2 2.5 =) S 4
----- h1(n)----
3 T T T T I( } T T T T (j
2 L .
1% i
0 1 1 1 1 1 1 1 1
1 1.2 1.4 1.6 1.8 2 2.2 24 2.6 2.8 3
—---linear convolution-1--
20 T T T T T T T T T
o (0]
10 | o) 1




Question | :

Express the input-output relationship
for a block diagram of LTl system
shown in Figure.

hi() ha(t)

x(1)

ha(t)

(0]

y(t) = x(t) «h(t) = j x(t)h(t — t)dr

0

Question 3 :

Describe the steps involved in
graphical convolution of x(1) and h().

x[n]

o

y(#) = x(D*ha(®) + [x(D*h1(D*h2(D)]
= x(D[h1(HO*h2(D] + ha(t)

Question 2 :

Define mathematically the convolution
of two continuous sianals x(1) and h(1).

Express each function in terms of dummy
variable t.

Reflect one of the functions : h(z) —» h(-1)
Add a time-offset, t, which allows h(t- 7)
to slide along the r-axis.

Start t at -. Wherever the two functions
intersect, find the integral of their
product. Steps | to 3 are repeated as t
varies over -« to « to produce the
entire output y(b).

Question 4 :

Consider an LTl system with an impulse,
h[n] and the input signal, x[n] as
follows;

x[n] = 8[n] - 28[n-1] + 8[n-2]

h[n] = 8[n] + 8[n-3]

i. Interpret the input, x[n] and
impulse, h[n] in graphical term.

ii. Calculate the output of the
system, y[n] using convolution
sum.

iii. Draw the output of the system,

ylnl.
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Question 5 :

©

Yol = ) x[klhfn — k]

k=—o0

=[1[]=1

Yol = ) x[klhfn — K]

k=—o0

=[] =1

Determine y[n] = x[n]*h[n] for O=<n=<3

when x[n] and h[n] are shown in Fig.
x[n]
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4 x(t), hit-1)
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t=< 1
y(t) =0

I=st=<?2
y(t) = flt 1.e7%dt

t=2
y(@) = flz 1.e%dr = e 2 — (-1

+ y(t)

Question 7 :

Express the convolution in the time
range from O to 1 if h(1) = e-at u(1)
and x(1) = u(h).

Question 6:

An input signal, f(1) and impulse
response, g(1) are shown in Fig.
Convolve these two signals and sketch
the output, q(1)

x(t) ht)

o
—y
LS}
—~
o
—-

y(©) = x(t) h(t)
“i foox(r)h(t —1)dt

t
= f e gide
0

1
[—Ee_“t]f)

SNOILSIND MIAIAFY




Question 8:

ol .. O
Display the output of bR U0 A
x=heaviside (t) -heaviside (t-1) ; C)
y() = x(t) = h(t) subplot (3,1,1) ; =
. m
using convolution integral where p}oi' “""x) / ' Z
x(t) and h(t) are shown below. tl"lt e(; ?np‘:t X(:)l)' 7
Execute the correct command arrays. S )" C
%
e . h=heaviside (t) - heaviside (t-4) ; %
3 subplot(3,1,2);
plot (t,h); §
1 1 title('Input h(t)') Fj
legend('u(t)-u(t-4)"'); >
t } t (w4
0 1 0 1 2 3 4 —_—
m=conv (x,h) .*0.001;
subplot(3,1,3);
plot (m);
title('Output m(t) ')
legend('x(t)conv h(t)'):;
Input x(t)
1 T T
ufty-uit-1)
0.5 7
D 1 1 1 1 1 1 1 1
-5 -4 -3 -2 -1 0 1 2 3 4 ]
Input z(t)
1 - . - - -
ufty-uit-4)
0.5 7
D i i i i | 1 i i
-5 -} -3 -2 -1 0 1 2 3 4 a
Output m(t)
1 — —
®(tconv 2(t)
0.5
D i i A i
0 05 1 15 2 25
10*




Question 9:
Sketch graph of
x(t) = 3u(t) —3u(t—1)
and
h(t) = 2u(t) — 2u(t — 4)

in subplot (3, I,row). Execute the
command using Matlab.

t=-5:0.001:5;
x=3*heaviside (t) -3*heaviside (t-1) ;
subplot(3,1,1);

plot (t,x);

title('Input x(t)')
legend('3u(t)-3u(t-1)"');

axis([-5 5 -1 4]);

h=2*heaviside (t) -2*heaviside (t-4) ;
subplot(3,1,2);

plot (t,h);

title('Impulse Response h(t)')
legend('2u(t)-2u(t-4)"') ;

axis([-5 5 -1 4]);

m=conv (x,h) .*0.001;
subplot(3,1,3);

plot (m);

title('Impulse Response h(t)')
legend('x(t) conv h(t)');

title('Convolution Integral
y(t)=x(t)*h(t) ")

Input x(t)
ol ‘ | 3ult)-au(t-1)] |
D - —
-5 -4 -3 -2 -1 0 1 2 3 4 5
Impulse Response ht)
4 . . . . .
) | 2u(t)-2u(t4) | |
D - -
-5 -4 -3 -2 -1 0 1 2 3 4 5
Convoelution Integral y(t)=x(t)*h(t)
10 - - - -
| %[t} cony hit)
5 -
D 1 L L
0 0.5 1 15 2 25
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Question 10 :

Determine and sketch the convolution

sum of x(n) =[-20 1 -1 3] and

h(n) =[1 2 0 -1] in subplot (3,1, row).

Put an appropriate title for every axis.

x=[-201-13]; % x( n)
h=1[120 -1]; % h( n)
y = conv (x,h); % convolution

subplot (311)
stem(x), title ('x[n]"')
subplot (312)
stem(h), title ('h[n]"')
subplot (313)
stem(y), title ('y[n]')

x[n

5 [

0

5 . \ . . \ . .

1 1.5 2 2.5 3 3.5 4 4.5 5
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Question 1 1:

Determine and sketch the convolution
sumof x(n)={ 123} and

h(n) = {2 4 3 5} using the MATLAB
script with following line style and
colour for :

x(n) : green, dashed line style

h(n) : magenta, dotted line style

x[n]

x=1[1 ,2 ,3]; % x( n)
nx = -1:1;

subplot (311)
stem(nx,x, 'g','--");
title ('x[n]')

h=1(2 ,4 ,3 ,5]; % h(n)
nh = -2:1;

subplot (312)

stem(nh,h, 'm',"':");
title ('h[n]'")

y = conv (x,h); % convolution
subplot (313)
stem(y)

title ('y[n]')
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