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SE (Electronics and Telecommunication Engg.) Sem IV (CBCGS/T1434) (R2016)
T10020/Signals and Systems
Solution K

3 Hours Total marks: 80

e Question no. 1 is compulsory
e Attempt any Three questions from remaining

Q1. | Answer any 4 questions from the given questions:

a. | If system matrix A= [-3, 1 ; -2, 0] find the sate transition matrix.
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b. Find the fundamentsl frequency of the followiig continnous signak:
107 . Bw
x(t) = cos(%t) + sm(zit)

The frequencies and periods of the two terms are, respectively,

1= 5 3 Ha $ .. 38
wi=—= H=z5 T1—§= i = fz—'g': Tz—g
The fandamental frequency f; is the GCD of f; = 5/3 and f = 5/8:
. 38, 15, 5
fo= GCD(3,§) = G(-D{24, 21 = m
Alterpatively, the period of the f\.mdz%mental Ty is the LOCM of Tt = 3/5 and Th = 8§/5:
38 24
Ta=LCM(=,=)=—
‘ 533

Now we get wy = 27 fy = 25/T; = 57/12 and the signal can be written as

=) = aws(SI;—:Tt) + sin(3§t} = cos(Bugt) + sin(3uwgt)

ie. the two terms are the 3ih and $th harmonic of the hmdamental frequency we, respectively.
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Test the given system for linearity, causality, stability, memory and time variant.
y(t) = x(t?)
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Explain the application of Signals and System in Multimedia Processing.

Multimedia is content that uses a combination of different content forms such as text, audio, images, animations,
video and interactivecontent. Multimedia contrasts with media that use only rudimentary computer displays such as
text-only or traditional forms of printed or hand-produced material.

Multimedia can be recorded and played, displayed, interacted with or accessed by information content processing
devices, such as computerized and electronic devices, but can also be part of a live performance. Multimedia devices
are electronic media devices used to store and experience multimedia content. Multimedia is distinguished

from mixed media in fine art; for example, by including audio it has a broader scope. In the early years of
multimedia the term "rich media" was synonymous with interactive multimedia, and "hypermedia” was a application
of multimedia.

Q2.a.

{a) We first express £(¢) and A(¢) in functional form:
x{t}=u{t) —uls—3) h(2y = u(e) = u{s~2)
Ay =x(ryeh(ty = [ x()h(r-r)dr

‘f_:[u(f)-u(r—J)]{ﬁ(l—f)-u{l-?—Z)] d-
- f:‘u(f}u(f—‘r)d‘r— ]lu(r)u(r—z—f)dr
~]:u(r-3)uuwf;d¢+j_:u{f—3)u(:—z—f)dr
Since u(f)u(!—f)-{{]) §Lrass>0

otherwise

O <t=2,1>2

u(vu(r—2—1)= ; otherwise

otherwise

I<cr<t~2,1>5

]
0 otherwise

(
u(r—3)u((..,)_{‘lj 3<r<a >3
w(r—3u(t —2 1) -{
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Q3.a. | Determine the sequence x[n] associated with Z-Transform using residue method.
X(2) - (1—e %)z
2 _i(z —D(z—e) }

1
vl = Zaj '!: G2z = sunvol vesidues of G0 UOETESpOREII e Poles o) Gley
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Resutwcof Glziat{z = 1) =Ry = [z= 16 (212 =)

A1 et -

: =———lz=1
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L i ——"
- fa=1 12 =jph

s et ]
= —

Theretore. x[n] = 1= ™ 0z 0

b. | State and Prove Parseval’s TheO‘em with respect to DTFT. _




go=8dpuey = [ ¢ =0z p g w oo ‘Gl = g 7 = Doty

4——-—-——*;— e— ! 4 " el ——
| i [
1 |
o
B ¥
v ) (1+w'th v
, 2 , 4 P
= H7<\| —a [ — s —————
p 2 T
w1
| 1 52
|
A
v p (r+ u)[f"b R2
. "_J_(...q———- ‘}-—— - L" :*\_ -
2 )
(wy*h
e
[ 7 ‘
s
.-, (Lt '
o - ) - = e N

ShAarU[of s el S A DU JOEDOEIEN [[2UI) iy T s

(oo ay )

T R S BVl B

i

O SAci 0 A [0 DIEAS DI U SUELE S| Sdunifoy

[c-ulxp+{z-ulxg z+[ [-ulxg [+[u]xg [+[ulxz+[¢-ulAS 0+ z-u]A ¢+ [-ulhZ- =[u]A
uonenbs ay) Aq pouIdA0F WAISAS 9} JO [OPOW 318)S S} SUIULINII(]




ariables 18 CC ual to the ber of
LEH ible JUH 1h number of (lC]ny unilg This I 1
e s direet form struc
structure

W three delay clements,
yoelements. Therefore, Jer's choog tl
5 S¢ three state

glatd
S put one output H
e b ' R
il o (his Gractre.
{ .!;]] Rl

*afeach el

"..'“'\ $

1] be the three s |
¥ ff%‘[' | be (he “Uﬁ; slate variables, Assign thes
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(ions are formed .by cquating the sum of incoming signals of
of state variables as shown below: signals of the delay unit to the

q(n+1) =qz(n)
qg,(n+1) = g£(n)
g3(n+1) = X() + 0.5, (n) + 3g,(n) — 205 (n)

3 ‘-.Irm-’
i value

10 cquations in matnx form,

q1 (n+1) 0 1 01l
qz(n+ 1)) = [ 0 o 1] q;(n) + g x(n)
g:(n+1) 05 3 —2l|gm| i

Quput cquation y|n 1s G ing incomi i
,] | J y[n] is formed by equating incoming signals of output node point as sl
» ) 5 5110w n

L2l

y(n) = 4q;(n) + 2.5q,(n) + 1.5¢,(n) + 2q5(n + 1)

tohave g3 (n+ 1) from
y(n) = 4g,(n) + 2.5q,(n) + 1.5q3(n) + 2(x(n)

+0.5¢; () + 3q,(n) — 2g3(n)
y(n) = 5¢q:(n) + 8.5q,(n) — 2.5g3(n) + 2X(n)

»Titng in the matrix form
3

g1 (n)
ym) =[5 85 -25][a(m)|+[2]X()
.\.—l'd[{‘c uati q3(n)
tuations: Q(n + 1) = AQ(n) + BX(W)
g(n+1] 1o 1 0[] [0
g,(n+1)|=|0 0 1 g2(n) |+ (0 x(n)
g:(n+1)| los 3 —2llasea)
-0 1 0] 0
Where,A=| 0 0 1 and B = {G]
0.5 3 -2 1

0
“put Lquationg.
ns: Y(n)=CQm +D X(m)
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Find Laplace transform of % sin(t) u(t).

I5 {% sin([)u(t)} = L{cos(t)u(t)}
¢ U
) . 1 -
sL{sin(t)u(t)} = STTT — - .~.+ 1
Find Inverse Laplace transform using convolution
<P
L7 =4 }

(s?+ a?)(s? + b?)

Soelation: 8y =
Wwoota s o h

Sphitting the given funchion as follows,

Taking inverse mdividually as folfows,

X " 1

§e a-!

LUF e = 1Y
= cosal = (1)

[—-11;;‘ (q)l =] l'___'\__\l
- CARA NN “ L\-,‘ R h.:,

=cosht = F. (1)

Now by applying convolution Theorem,

1
YA s R} = j F () B (f —)du

0

{
= f cos qu cos bt — 1) du
Al
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Using feedforward control the performance of control systems can be enhanced greatly.

Process variables such as pressure, level, flow, temperature are interrelated and so one variable may
affect another as a disturbance in the process. Feedforward system measure important disturbance
variables and take corrective action before they upset the prccess.

Here the setpoint is fixed in the feedforward controller after doing little complex mathematical derivations.
The feedforward controller determines the needed change in the manipulated variable, so that, when the
effect of the disturbance is combined with the effect of the change in the manipulated variable, there will
be no change in the controlled variable at all. The disturbance is measured at the input side of the
process and the manipulating variable also, so the controlling process is done before a disturbance
affects the process. ’

ROC in Z-Transform and Laplace Transform

The region of convergence (ROC) is the set of points in the complex plane for which the Z-
transform summation converges. Region of Convergence (ROC) Whether the Laplace transform of a signal
exists or not depends on the complex variable as well as the signal itself. All complex values of for which the
integral in the definition converges form a region of convergence (ROC) in the s-plane.

Relation of ESD, PSD with auto-correlation
1. Energy and Power Signals

o An energy signal rft) has ) < F < ac for average energy

E= | |z(t)de.

—o

® A power sigral 2(#) has 0 < P < oo for average power

1T :

P> Iim —/ 2(t)|2dt.
T—ac 2T H.Tl ( )l

o Can think of average power as aversge enorgy/tine.

& Anenergy signal has zero average power. A power signal has infinite average eucrgy, Power
siguals are generally not iniegrable so don’t seeessarily bave a Fourier trausform

» We use power spectral density to chasacterize power signals that don’v have o Fourier
transforni.

2. Energy Spectral Density (ESD)
« Defined as ¥, () = | X(f)%
« Measures the distribution of signal energy E = f|x(t)|2dt = [ U, (/)df over frenency.

s Properties of ESD iuclode € (f5 2 0, €, (—f) = . (f) for 2{f) real, and {or 2{f) inpit to a
filter with frequency response H{f), the filter ontput () has ESD O, (f} = [H{ /1T E{ ().

3. Autocorrelation of Energy Signals

» Measures ihe similarity of a signal with a delayed version of itself.

» Aunigeorrelation defines signil energy: E = R:(0).

e Since |R.{7})} £ R.(0). can use autocorrelation for signal synehronization.

s The auiocorrelation is symmetric: R () = R.(—7).

¢ The auteeorrelation and ESD are Fourier Transform pairs: Rp(¢) ¢ 9.{f).
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