Ref. No.: Ex/IEBE/T/323/2019

B. INS. & ELEC. ENGINEERING 3™ YEAR 2" SEMESTER EXAMINATION 2019

DIGITAL SIGNAL PROCESSING

TIME: 3 HOURS

List of Course Outcomes (CO): _
CO1: Describe the limitations and advantages of using discrete and digital signals and systems (K2,
Al -

CO2: Describe and interpret the mathematical models of discrete time systems (K2, A1)

- FULL MARKS: 100

CO3: Calculate and interpret Fourier transform, Z transform of signals and systems (K2, K3, Al-

explain)

' CO4: Design and examine digital filters (K3, K4, K5, A3-choose)

Instructions to the Exaniinees:

Each module in the question paper_m'atches up with the corresponding CO |
Attempt questions from ALL the modules for the attainment 'pf all the COs
Alternative questions (if any) exist within a module, not across the modules

Different parts of same question should be answered together
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MopuLE 1
1 ..
(a) Hlustrate the advantages and limitations of d1g1tal signal processing.
(b) Sketch each of the followmg signals:
L. Continuous time-continuous amplitude
i, Continuous time-discrete amplitude .
iii. . Discrete ‘time—contirnuc')us,a_mplitude'--;- e
iv. - Discrete time-discrete amplitude -
' 4+6
MODULE 2 (Answer any two questions)
2.

(8) Give examples for each of the following systems
i. Additive but not homogeneous
ii.  Linear but not stable
iii.  Right sided but not causal
iv.  Non-causal but shift-invariarit
(b) Show that for a hnear system, all zero input produces all zero output. Also prove that the
reverse statement is false. o , _
(¢} Show that the energy of a real-valued en'efg'y signal is equal to the sum of the energies of its
"~ even and odd components, '
8+4+3

3.
(a) Two discrete-time systems S1 and S, are connected in cascade to form a new system S. Prove

or disprove the following statements: _
i. IfS; and S, are linear and time invariant, the safn'e holds fsr S
ii. If S is found to be stable, then both $; and S, compulsorily be stable
(b) Find out the causality condition of any LTI system in terms of its impulse response. _
(c) Find out the 1mpulse response of the system, described by the difference equation y(n) =
| nx(n). Will it be possible to comment on the BIBO stability of the system from its 1mpulse
response? Explam '
6+5+4
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4. .
(a) Let x(n),N; <n < N and h(n), M; € n < M, be two finite duration signals.

i. Determine the range L; < n < L; of their convolution in terms of Ny, Ny, My, M.

ii. Hlustrate the validity of your results by computing the convolution of the signals:

(1, ~2=n<4
x(n) = {0, elsewhere
ooy f2, —ls=n<2
h(n) B {_O, elsewhere

(b) How can the li'near_t:onVolutio,n of a finite length sequence with an infinite length sequence be
performed? Illustrate. ‘ ' ,
| 8+7

~ MobuLE 3 (4 nswer any two questions)
5, | | | |
(a) Synthesize the_expfession of Discrete Time Fourier Transform for any arbitrary finite length

LA

sequence using the concept of vector-space representation.

. n
(b) Determine the output sequence of the system with impulse response h(n) = (—;—) u(n) when

the input is the complex exponential sequence x(n) = 4", —c0 <n < o0
10+5

.

' (2) By means of the DFT and TDFT, determine the response of an LTI system with impulse

response h(n) = {1, 2, 3} to the input sequence x(n)-‘——l"{l.' 2,2, 1}.
| 1 S

(b) Calculate the speedup of 8-point FFT over the brute force method.
: 12+3
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7.

() Let G(2) be the z-transform of any signal g(n) with ROC Ry Find out the z-transform of the
shifted mgnal g{n — ny) along with its ROC.
(b) Determine all possible -mgna’ls x(n) associate'd with the z-transform X (z) = H:Sf)_(;ﬁ
(¢) Find out the z-transform of the fwd;'sided sequence v(n) = al®!, What is its ROC? _
o ' ' 3+8+4

~ MODULE 4 (Answer any two questions)

8.

(a) A length-9 Type 1 réal-coefﬁci'ent FIR filter has the following zeros: z; = —0.5, zZ; = 0.3+

J.0.5, 23 = ~——+ J. l[-— Determine the locations of remaining zeros. What is the transfer

funct10n of the ﬁlter? Isita mmlmum-phase filter?

(b) What do you understand by movmg average filter (MAF)? Find out the system ﬁmctlon of a
second order MATF and show the focations of poles and zeros in the z-plane. What inference can

you draw about 1ts frequency response"

9+6

Design a digital Butterworth' ﬁlter using- 1mpulse invariant transformation for the following
specification:

08<|H(E™)| <1, 0=w<02n

[HE)| <02, oonswsn
‘Assume T=1 SeC. 7 -

4

15
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10.

(a) Realize the transpose of the FIR structure shown in Fig. 1 below. Write down the expression of

system function derived from the structure.

xin] el

Fig.1

(b) Find out the system function of the filter shown in Fig. 2 below. Hence, develop the difference

equation which relates the input to output. Is the structure canoric?

7+8

X —
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