Digital signals and systems












Given the following,
x(n)=0(n+1)4+0.58(n — 1) + 26(n — 2),

a. Sketch this sequence.
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3.1. Sketch each of the following special digital sequences:

a. 56(n)

b. —286(n —5)
—5Su(n)

d. Su(n —2)

.

3.2. Calculate the first eight sample values and sketch each of the following
sequences:

a. x(n) = 0.5"u(n)

b. x(n) = 5sin(0.27n)u(n)

c. x(n) = Scos(0.17n + 30%u(n)
d. x(n) = 5(0.75)" sin (0. 17n)u(n)

3.3. Sketch the following sequences:
a. x(n) =38(n+2) —0.56(n) + 56(n — 1) — 46(n — 5)
b. x(n)=8én+1)— 26(n— 1)+ Su(n — 4)
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-A causal system is one in which the output
y(n) at time n depends only on the current
Input x(n) at time n, Its past input sample

values such as x(n-1), x(n-2), . . . : Otherwise,
If a system output depends on the future input
values, such as x(n+1), x(n+2), ..., the

system Is noncausal.



3.6.

3.7.

3.8.

Determine which of the following 1s a linear system.
a. y(n) = Sx(n) + 2x*(n)

b. y(n)=x(mn— 1)+ 4x(n)

c. y(n) = 4x3(n — 1) — 2x(n)

Given the following linear systems, find which one is time invariant.
a. y(n) = —3x(n — 10)

b. y(n) = 4x(n?)

Determine which of the following linear systems is causal.

a. y(n) = 0.5x(n) + 100x(n — 2) — 20x(n — 10)

b. y(n) = x(n+ 4) + 0.5x(n) — 2x(n — 2)



-A causal, linear, time-invariant system can be
described by a difference equation having the
following general form:

y(n)+ayy(n—1)+ ...+ ayy(n — N)

= box(n)+ byx(n—1)+ ...+ byx(n — M),

N M

) == aiy(n =i+ bix(n—)).



g

A linear time-invariant system can be completely described by its
unit-impulse response, which is defined as the system response
due to the impulse input d(n) with zero initial conditions

&(n) h(n)
» Linear time-invariant system >

With the obtained unit-impulse response h(n), we can represent
the linear time-invariant system

x(n) y(n)
»  h(n) >




Given the linear time-invariant system
y(n)=0.5x(n) + 0.25x(n-1) with an Initial
condition x(-1)=0,

- Determine the unit-impulse response h(n).
- Draw the system block diagram.

- Write the output using the obtained impulse
response.



Solution:

a. According to Figure 3.13, let x(n) = 6(n), then
h(n) = v(n) = 0.5x(n) + 0.25x(n — 1) = 0.56(n) + 0.256(n — 1).
Thus, for this particular linear system, we have
0.5 n=>10
h(n) = {0.25 n=1
0 elsewhere

b. The block diagram of the linear time-invariant system is shown as

x(n) y(n)
—»| h(n)=0.56(n)+0.258(n—-1) |—>

FIGURE 3.15 The system block diagram in Example 3.7.

c. The system output can be rewritten as

wn) = h(0)x(n) + h(1)x(n — 1).



yn)=...+h(—)x(n+ 1)+ h0)x(n)+h(1)x(n—1)+h2)x(n—2)+....

h(n) = ...+ h(=1)0(n+ 1) + h(0)o(n) + h(1)o(n — 1)+ A(2)o(n — 2) + .. .,



Given the difference equation

y(n)=0.25y(n-1) + x(n) for n 2 0 and y(-1)=0,
s-Determine the unit-impulse response h(n).

sDraw the system block diagram.

sWrite the output using the obtained impulse
response.

sFor a step input x(n)=u(n), verify and compare
the output responses for the first three output
samples using the difference equation and digitial
convolution sum



Solution:

a. Let x(n) = 6(n), then

h(n) = 0.25h(n — 1) + 6(n).
To solve for h(n), we evaluate
h(0)=025(—1)+86(0)=025x0+1=1

h(1) = 0.25h(0) + 8(1) = 0.25 x 1 +0 = 0.25
h(2) = 0.25h(1) +8(2) = 0.25 x 0.5 + 0 = 0.0625

With the calculated results, we can predict the impulse response as
h(n) = (0.25)"u(n) = 8(n) + 0.256(n — 1) + 0.06256(n — 2) + ... ..
b. The system block diagram 1s given in Figure 3.16.

x(n) y(n)
—> h(n)=5(n)+0.255(n—1)+- —>




c. The output sequence is a sum of infinite terms expressed as

y(n) = h(0)x(n) + M(Dx(n — 1)+ A2)x(n —2) + ...
= x(n) + 0.25x(n — 1) + 0.0625x(n — 2) + ...

d. From the difference equation and using the zero-initial condition, we have

y(n) = 0.25y(n — 1)+ x(n) forn >0 and y(— 1) =0
n=20,p(0) =025 — 1)+ x(0) = u(0) =1

n=1,p(1) =0.25p(0) + x(1) = 0.25 x w(0) + u(1) = 1.25
n=232)=0250(1)+x(2}) =0.25 x 1.25 + u(2) = 1.3125

Applying the convolution sum in Equation (3.15) yields
y(n) = x(n) + 0.25x(n — 1) + 0.0625x(n — 2) + . ..

n =0, 1(0) = x(0) + 0.25x( — 1) + 0.0625x( — 2) + ...
—u(0) + 025 xu( — 1)+ 0125 x u( —2) + ... =1

n=1, y(1) = x(1) + 0.25x(0) 4+ 0.0625x( — 1) +...
=u(l)+025x u(0)+0.125 x w(— 1)+ ... =1.25

n=2, p(2) = x(2) + 0.25x(1) + 0.0625x(0) + . ..
— u(2) + 0.25 x u(1) + 0.0625 x u(0) + ... = 1.3125



“... a linear time-invariant system can be
represented by the convolution sum using its
Impulse response and input
sequence.”



3.10. Find the unit-impulse response for each of the following linear systems.

3.11.

a. y(n) =0.5x(n) — 0.5x(n — 2); forn=0, x(—2)=0,x(—1)=0

b. y(n) =0.75y(n — 1) + x(n); for n=0, y(—1) =0

c. y(n)=—-08y(m—1)+x(n—1); forn=0,x(—1)=0, p(—1)=0
For each of the following linear systems, find the unit-impulse response,
and draw the block diagram.

a. y(n) = 5x(n — 10)

b. y(n) = x(n) + 0.5x(n — 1)



A linear time-invariant system can be represented by using a digital
convolution sum. Given a linear time-invariant system, we can
determine its unit-impulse response h(n), which relates the system
Input and output. (The sequences h(k) and x(k) in equations are

Interchangeable).
- y(n) = h(n)xx(n).
ym) =" hik)x(n — k)

k=—o00

= ...+ h(—Dx(n+ 1)+ h(0)x(n) + h()x(n — 1)+ h(2)x(n — 2) + ...

(8@

Z x(k)h(n — k)

k=—o0

= ...+ x(— Dh(n+ 1) + x(0)a(n) + x(Dh(n — 1) + x(2Q)h(n — 2) + . ..

y(n)



y(n) =Y h(k)x(n—k) =" x(k)h(n — k).
k=0 k=0



sGraphical (need reverse and shifted sequences)

-Formula
~Table

The reversed sequence is a mirror image of the original
sequence, assuming the vertical axis as the mirror (If h(n) is
the given sequence, h(-n) is the reversed sequence)



Given a sequence,

3, k=0,
hk)y=<91, k=23
0  elsewhere
where k 1s the time index or sample number,

a. Sketch the sequence /i(k) and reversed sequence /( — k).
b. Sketch the shifted sequencesi( — k + 3)nd A( — k — 2).



---------




h(—k+3)




Using the following sequences defined in Figure 3.21, evaluate the digital
convolution

o

yn) =Y x(k)h(n— k)
k=—00

h(k) x(k)

31 3+

2 + o |

1+ 1+
; I S I —
1 0 1 2 3 -1 0 1 2 3

a. By the graphical method.

b. By applying the formula directly.
c. using the table method



sum of product of x(k) and A( — k): y(0)=3x3=9

sum of product of x(k) and A(1 — k): y(1)=1x3+3x2=9

sum of product of x(k) and (2 — k): y2)=2x3+1x24+3x1=11
sum of product of x(k) and #(3 — k): y(3)=2x2+1x1=5

sum of product of x(k) and h(4 — k): y(4)=2x1=2




Animacion 1

Animacion 2



Convolution_of_box_signal_with_itself2.gif
Convolution_of_spiky_function_with_box2.gif

n =0, 9(0) = x(0)4(0) + x(A( — 1)+ xQ)h( —=2) =3x 3+ 1x0+2x 0 =09,
n=1, y(1) = x(0)h(1) + x()AO0) + x(2)h( — 1) =3x 2+ 1x3+2x0=09,
n=2, 1(2) = x(0)h(2) + x(Dh(1) + x()h0) =3 x 1 + 1 x 2+ 2 x 3 = 11,

n =3, y(3) = x(0)h(3) + x(DAQ2) + x(Q)h(1) =3 x 0+ 1 x 1 +2x 2 =5.

n =4, y(4) = x(0)h(4) + x(HA3) + x(2)h2) =3 x 0+ 1 x 0 +2 x 1 =2,

n>5, y(n) = x(0)h(n) + x(Oh(n — 1)+ xQh(n —2) =3 x 0+ 1x 0+ 2 x 0= 0.
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y0)=3x3=9
y1)=3x2+1%x3=9
y2)=3x1+1x2+2x3=11
y3)=1x14+2x%x2=5

i) =2x1=2

¥(5) = 0 (no overlap)







== h=[3 2 1];
== w=[3 1 2];
== Cconvih,x)

dans =

9 9 11 5 2




A system representation using the unit-impulse response for the linear system
y(n) =0.25p(n — 1)+ x(n) for n=0 and y(—1) =0

1s determined in Example 3.8 as

o0

y(m) = > x(k)h(n — k).

k=—o0
where i(n) = (0.25)"u(n). For a step input x(n) = u(n),

a. Determine the output response for the first three output samples using the
table method.



k: B =t 0 1 2
x(k): 1 1 1
h(—k): 0.0625 0.25 1

h(1 — k) 0.0625 0.25 1

h(2 — k) 0.0625 0.25 1

2

y0)=1x1=1

y1)=1x0254+1x1=1.25

y2)=1x0.0625+1x025+1x1
= 1.3128

Stop as required




3.15. Using the following sequence definitions,

2, k=0,12 2, K=
h(k) = { 1, k=34 and x(k)=<1, k=12
0 elsewhere 0 elsewhere,

evaluate the digital convolution

o0

yn) =Y x(k)h(n— k)

k=—o

a. using the graphical method;
b. using the table method;

c. applying the convolution formula directly.



3.16. Using the sequence definitions

-2, k=012
x(k) = { 1 k=34 and (k) =
0 elsewhere

evaluate the digital convolution

y(n) = h(k)x(n — k)

k=—00
a. using the graphical method;
b. using the table method;

c. applying the convolution formula directly.

2,
7,
0

k=20
k=12
elsewhere,



3.17. Convolve the following two rectangular sequences:

(0 n=20
and hA(n)=<1 n=1.2
.0 otherwise

1 n=0,1
0 otherwise

x(n) = {

using the table method.



Impulse

Response

Delta
Function

Iil‘lil‘l%iﬂ-';'-l1
- L i [l
1 [] L] ]

4

L
a [ #
1 = ll.?.llg-itilll

h[n]

Linear

System [

omn] —




a. Low-pass Filter

4
It --

- =l
[
1 L]
e
n n
] ]
1 L]
- e
1 L
[} L
- - [P ™
] ]
[
- Il. -
]

L
] [}
R K
L}
L]
L]

1
]

v L} [ T ]
L R e e e et el L
1 L] i

L] " L]
e e s brasdessasacasbeedenees bdsde e
] T ] ] r ]

]
e g =

1
80 % 100 110

L] L 1 1} 1
0 3 40 50 60 70
Sample number

t
10

-2

1
10 20 30

0

Sample number

-0.02

i
- - luu.-li_-.‘-ll.lIJll
"

SRR

Bl A ] - =
L] L] 1
[ [l []
" -

=1
70

L
10 20 30 40 30 &0

Sample number

1

-2

Filter

b. High-pass

110

ehadk -8
L) n
- Lo
. o
[ 1
baek =
1 1 g ¢ 1
Shecretieate
L] L] L] L] n
UL o N I
" n "n-.-. 1
shecheale 3Ty b
Do e
ok ._:.ﬂ-u.....,.. L2
o ey
ll.l.lrrilulul"lull.lm
L] L i L)
S EREERCE SEEIRD =
IENCRRUANE R I
L] " L] L1
i L} ] L]
—t i =
b T B T ..J.-

o 10 20 30

Sample number

-
[

r

L
--:-—
"

|

0 80

A

L]
il al
»i

(]
L
i
--u
)
i W
DL L
i
¥

E

T
¥
LT Y
"
1

10 20 30 40 50 60

L]
EER Ll e L L o]
n i

¥
0

T M oM o= e =

spmyjduy

Sample number

Sample number

Output Signal

Impulse Response

Input Signal



a. Inverting Attenuator
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