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Programme(s) Semester | Course Code(s) Course Title
B.E - EEE VI 20EC612 Principles of Digital Signal Processing

Time: Three Hours Max Marks: 100
COURSE OUTCOMES:

CO1 | Understand various concepts of Signals and Systems

CO2

Apply the mathematical operations on signals and systems

CO3

Apply Z Transform and Discrete Fourier Transforms techniques

CO4

Analyze various types of DSP filters using IIR and FIR filter design

CO5 | Analyze the programmable digital signal processor and multi-rate Signal Processing
PART - A (10 X 2 = 20 MARKS) BT co Marks
ANSWER ALL QUESTIONS
1. | Outline deterministic signal with an example. U CcO1 2
Signal that can be uniquely described by
v'an explicit mathematical expression,
v' atable of data
v awell-defined rule
Eg. x(n)= Asin n
2. | State the conditions for causality and stability of a system in terms of its U co1 2
impulse response.
Condition for causality
h(n)=0 for n<0
Conditions for stability
E l[h(n)| < =
FlL—— O
3. | Mention the significance of correlation in signal processing. Give an U CO2 2
example.
» It is used to compare two signals.
» It is used in the applications in radar and sonar system where the
location of the target is measured by comparing the transmitted and
reflected signals.
» Other applications of correlation include image processing and
control engineering.
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Represent the following finite duration sequence as a sum of weighted
impulses, x(-1)=2, x(0)=4, x(1)=-1, x(2)=-2.

x(-1)=2=26(n+1)

x(0)=4=48(n)

x(2)=-1=-18(n-1)

x(2)=-2=-28(n-2)

Therefore, x(n)= 28(n+1)+406(n)-16(n-1)-28(n-2).

AP

CcO2

Summarize the properties of region of convergence.
1. The ROC is a ring or disk in the z-plane centered at the origin.
2. The ROC cannot contain any poles.
3. If x(n) is a causl sequence then the ROC is the entire z-plane except
at z=0.
4. If x(n) is a non-causal sequence then the ROC is the entire z-plane
except at z=co.

CO3

The First 5 DFT coefficients of a 8 sample sequence x(n) are X(0)=2;
X(1)=0.5-j1.206, X(2)=0; X(3)=0.5-j0.206; X(4)=0. Determine the remaining
DFT coefficients.

X(5)= 0.5+j0.206

X(6)=0

X(7)=0.5+j1.206

CcOo3

Comment on the frequency responses of Chebyshev type I and type II
Filters.

Type I filters exhibit equiripple behavior in the pass band and a
monotonic characteristics in the stop band. Type II filters exhibit monotonic
characteristics in the pass band and equiripple behavior in the stop band.

CO4

Compare FIR and IIR Filters.
S. No FIR Filter IIR Filter
1 Filters have linear phase Filters do not have linear
phase
2 Filter is non-recursive Filters can be realized
recursively

CO4

Infer the need for anti-aliasing and anti-imaging filters in downsampling
and upsampling of a signal respectively.

Antialiasing is needed before it is sampled to remove the aliasing of
unwanted high frequency signals. The low-pass filter placed after the up
sampler to remove the images created due to up sampling is anti-imaging
filter.

CO5

10.

Differentiate Von Neumann and Harvard architectures.

S.No Von Neumann Architecture | Harvard Architecture

1 There is common bus for | Separate buses are used for
data and instruction | transferring data and
transfer. instruction.

2 It is ancient computer |It is modern computer
architecture based on stored | architecture based on Harvard
program computer concept. | Mark I relay based model.

AP

CO5
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Find whet " ues of power anq energy of the following signals. | AP ol W
> :
T the signals are Power, energy or neither energy nor

POwer signals,
i) x(n)=6 cos(nn/2)
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ii) x(n)=3(0.5)"u(n)
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b) Find whether the following signals are periodic or not. If periodic,
find the fundamental period and fundamental frequency.

i) x(n)=sin (nn/3).cos(nmn/5)

%) 1 %y g (/). ¢85 (™) (3 Moatks)

St A-ens @ - _l_[g?n(n 18) 4 ﬁn(”'@

Ay~ [S +6\n _/___,)J
= .1 g 8mv ¥ &% (AT
& [ i \Fo m( B ]
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‘\.WY\j_ ‘\:U\I‘HQ’
Toun 4 | Towm &
- N’_ = Q—T‘—Ml Q,E.Ni = Q’“M'L
\R 1%
Ny = g (®) g | Ny= 20D
v
4 0
N‘: ‘FS M‘ =\R |
T WMo N, =\B
'Fea’ M".'_L\—/ N\—'\E‘)—
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AP COo1 6
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ii) x(n)=30 cos((n/8)-m)
B D A = 2o Cps C%——'W) (3 Masrse)
Perlod ity s(m ) = 2 0y NN

HEOAND = 35 e (_%_ AN W)

:30095(?%“ L\ —\—l‘lg—)

2D =20 3 Oy W)
rulkple o 2w
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Were W connst e «Oo ?n\zqw\\sﬁo*‘“a
‘i’n\nﬂuvm oy M
= 2D Ao ek Opesubdic

(OR)

12.

Check whether the following systems are dynamic, linear, time
invariant, causal and stable. Justify your answers.
i) y(n)=2x(n)+1/((x(n-1))

(15}
A < gy L
ZLn-) (o. Maskd)
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n§ b = <
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CO1
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13. | a) Determine the convolution sum of the given two sequences using | AP CcOo2 10
graphical method.

x1(n)={3,2,1,2}(n=0 to 3); x2(n)={1,2,1,2}(n=-1 to 2)
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- 2) Compute the Z-Transform and the associated ROC of the following

' b) Tlustrate Digital Signal Processing with the aid of neat block
diagram,

Diagram (3 Marks)

Recons | y(t) .
truction
filter

(3 Marks)

Cosvertes

- Explanation
* Sampling
* Quantization
* Sampling Theorem

(OR)

. signals,

| i) S(D-Do)

ii) u(ﬂ-no)

li)x(n)={1,2,3,3,2,1} starting at n=2
) 1

DM gtn-ny (& tnoerd !
tO

5 Z-'hm\e\m o} $(n-m) = M Az Loy
0\. M >o)
EC" Ng) =27 J

all z crept «
UH win—-ny) '”‘""ﬂ mwr%\mtvdﬂ (2. ™o9ks)

‘)d (M—<O> :
e
[

0\\) Ln) = 5’[ \,Q_,glglan_j
A

jz) > |, enept 2707
m>Q , z = 3() N<D

=~

N~ -8

.-| -
= otz a0 R 12 0) CANR T 4 2B %

203) z

XR) = 2> \
L ) = e’y gaagy abz"‘nc'%
X(Z) (onverqoy Arall valuey ol = cqopk oy =z=0& z-0o9

COo3 6

b) A causal discrete time system s represented by the following
difference equations,

co3 10

y(n)+1/4y(n-1)=x(n)+1/2x(n-1)

G Scanned with OKEN Scanner
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i) Find the )
iz) i ‘sys.ttefn function H(z) and its corresponding ROC.
unit sample response h(n) of the system.
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15. | a) Perform circular convolution of the following sequences using [ AP CO3 8
concentric circles method.
x1(n)={1,2,2,1}
x2(n)={1,2,3,1}
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b) Deduce the signal flow graph of radix-2 Decimation in frequency
FFT algorithm for N=8.

X(0)

X4

AP CO3

(OR)

16.

Using DFT-IDFT method, Determine the response of the system with
impulse response h(n)={1,2,1} for the input x(n)={3,2}.
x(n)={3,2}
h(n)={1,2,1}
Length of y(n)= 3+2-1=4
x(n)={3,2,0,0}
h(n)= {1,2,1,0} 4 marks
3

X(k)= Z x(njeﬁﬂ

k=0,1,2,3

3

X(k)= Z x[n)e_}-guk

n=0

X(0)=x(0)+ x(1) + x(2) + x(3)
=3+2=5

3

X(1)= Zx[n]e_};m

v]

—5jm

2

= x(0) —|-3:r(1]nt3%r!—|-3:r[2]e%1r +x(3)e

=3+2(-))
=3-2]

3

x(2)= Z ;::(:'?,]E_jimz

V]

=x(0) — x(1)

AP CO3

16
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=3-2

3

X(3)= Z x(n)e_jafm

o

jam

=x(0) —|-x(1)e_T

=3+2]
X(K)= {5, 3-2j,1, 3+2j}
h(n)={1,2,1,0}
: —jmnk
H(k) = Z h(n)e 2
n=0 k:0,1,2,3
H(0)=1+2+1+0=4
3 -
—jmn
H(1) = Z h(n)e 2
n=0
—jmxl —jmxl —jmx2 —jmx3

= h(0)e 2z +h(1l)e 2 +h(2)e 2 +h(3)e
=1+2(-j)+1x(-1)
:-2j

—janxl

H(2) = i h(n)e 2

=233 _h(n)e ™

=h(0)+ h(1)e ™™ + h(2)e ™ + h(n)e 7™

=1+2(-1)+1
=0
3
—jmnx3
H(3) = Z hin)e 2
n=0

=h(0)+ h(1)e = +h(2)e = +h(3)e =

= 14+2(j)+1(-1)
:2]

H(k)= {4, -2}, 0,2}

Y (k)= X(k). H(K)
={5, 3-2j,1, 3+2j}.{4, -2j, 0,2j}

4 marks

2 marks
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={20,-4-6j, 0,-4+6j}
3
jimnk

v(n) = % Y(kle *

Jmmi

=%  Y(k)e =
6 marks

y(0) =£{r(0) + (1) +¥(2) +¥(3)}

=1/4{20-4-6j-4+6]}

=1/4{12}=3

3
2k

R OR(CE

{Y(lilj—l-}’[l]e Y n Y3

=1/4{20+(-4-6j)(j)+0+(-4+6j)(-))}
=1/4{20-4j+6+4j+6}
=8

Jamk

(@) =5 YT

k=0
j3mk

:—{Y[ﬂj—I—Y[l]el £V T +Y(E)T }

=1/4{20+(-4-6j)(-1)+ (-4+6j)(-1)}

3

y(3) = Z YOTER

k=
jamk Jo9mk

=—£r(n)+y(1)e3’5 +Y@e 1 +Y(3e 2 )
=1/4{20+(-4-6) () (4+6]) )}
=2

y(n)= {3,8,7.2}
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17. | Butterworth Digital Filter AP CO4 16
Given = 0.8 from which & = 0.75 ' = (0.2 from which A =
Ara ™ which e = 0.75, —z==== = 0.2 110
4.899 vita
ws = 0.6rrad; w, = 0.27rad
wy _ T Qg 067
w]) A QPT B Q,) B 0.27!' a
iz 4.899
N = 10g )\/E s 2.0.75 =171
< log1/k log 3
Approximating to nearest higher values we have N = 2.
For N' = 2 the transfer function of normalized Butterworth filter is
il i
H(s)= ——-
o
Qp 0.2
| Q.c_”_ N = ) = 0.2317
=H
Ha(S) (S‘) s—5/0.2311
; 0.5266
52+ 1.03s + 0.5266
_ 05165 05165
" 5+051+0.51  s+0.51- 5051
B 0.516 E 0.516
" 5—(-0.51-4051) s—(-0.51+;0.51)
Using Bilinear transform 6 marks
0.084(1+z7hH)?
H(2) =T To28:2 2
—1.028z7- + 0.3651=
(OR)
18. | High Pass Filter Using Hanning Window: AP CO4 16
hy(n) = %f_: Hy(el“)el dw 4 marks
1=z o
=— J- 1. e?“*dw + J- 1. e}””dm]
2T _R z
B 1 E_;I'uJ:'! g_ . IE_;l'n...l:'z T
2w jn . jn Jn
-1 _.i"%” _ o jmm jmn }'E?!
2jmn {[E € :| + |:E' € :|}
h(n) = i_]r_: H (e’ )el dw 4 marks
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114

el de L 1. e}'””dm]

I
e8]
Fl-
=~.____1'
|:|I;.1
-
|.'||“,;T__"!

-

1 [ E_;I'uJ:'! = IE_;l'n...l:'z T
=— +
2w jn . jn x

_= : : ™
1 [E zn _ e—_;lmz] |:e_;lmz _ e}:?i]
h(n) = — 5 + 2

1 3 .
— {—sm—n + sin :rm}
T 2

. , 1T
5in niw — 5in E]‘l}

mmn

Order of the filter N=9
FIR filter is symmetric

Truncation
hy(n) = hy(n) for |n| < ?
=0, Otherwise
N-1 g—1
. = . = 4
nrange -4 to 4
n=0,
. T
gin Oxmr  Sin Exﬂ
ha(0) = -
mx( Tx(
sinler  _ O
wxl _E
si?zg.rl} 0
mal - E

0. . .
5 is indeterminate form

hy(0) = 1_%:

b3 | =

Filter coefficients are symmetrical about n=0,
h(n)=h(-n)
For n=1,

. T
gin 1xm smixl
— = —0.3183

hy(1) =h (1) =

mxl Txl

4 marks
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. . T
gin 2xw SN E«TZ

Ld( j Ld( j mx2 Tx2
in 3 sin=x3
SIn X7 B
2
h.(3)=h.,(—3)= — = —0.1061
Ld[ ] Ld( ] Tx3 Tx3
in 4 sin = x4
51N < XTT i
ld[ j Ld( j mxd Txd
Hanning window sequence 4 marks
(n) = 0.5+ 0.5 2an L ZVZD (V1)
W in) = 0. .CDSN_l or > =< n= >
=0, otherwise
2mn
wy, (n) = 0.5+ 0.5 cos—— for —4<n<4
=0, otherwise
2mx0

Wy, (0) = 0.5 + 0.5 cos =

2T
Wi (—1) =wy, (1) =05+ 0.5 cos—— = 0.8535

2mx2
Wi, (—2) = wyy,, (2) = 0.5 + 0.5 cos == 0.5

2mx3
Wy, (—3) = wy, (3) = 0.5 + 0.5 cos 5 = 0.1464
W, (—4)wy, (4) = 0.5 + 0.5 cos :'1:4 =0

4 marks

h(n) = hy(n)wy,(n) for—4<n<4
= 0, otherwise

h(0) = h,(0)w, (0) =0.5x1=0.5
h(—1) = h(1) = hy(1)wy, (1) = —0.3183x0.8535 = 0.2717

h(—2) = h(2) = h,(2)wy,(2) =0x0.5=0

h(—3) = h(3) = hy(3)wy, (3) = —0.1061x0.1464 = —0.0155
h(—4) = h(4) = h (4)w,, (4) =0x0=0

19.

Multi-rate System:
after down sampling x(n)

v(n) = x(2n)

AP CO5 16
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v(n) v,(n)

win) t2 () >+ }—» (1)

-—
]
Y

If we up sample v(n) by 2, we get
| n x(n), for n=0, £2, +4,..
v“(n)= 1=
0, otherwise
If we delay x(n) and down sample, we get
wn) =x2n - 1)

If we up sample w(n), we get

x(n-1), for n=0, £2, +4, ...
] B 0, otherwise
yn)=v,m-1) + w,(n)

v (1) = (x(0), 0, x(2), 0, x(3), ...}

u

(OR)

Architecture of TMS320C5X 4 marks | AP | CO5 | 16

% The TMS320C5X generation of the Texas instruments TMS320C50
digital signal processor is fabricated with CMOS IC technology. It is
a fixed point, 16-bit processor running at 40 MHz.

The single instruction execution time is 50 nsec.

Its architectural design is based on the combination of advanced
Harvard architecture, on-chip peripherals and on-chip memory.

The TMS320C50 has a programmable memory map which can vary
for each application.

On-chip memory includes 10K words of the RAM and 2K words of

the ROM.

X/ K/
L X EIR X 4

7/
°

K/
X4

)

4 marks
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4 marks
The salient features required for efficient performance of DSP operations
are;
(i) Multiplier and Multiplier Accumulator
(ii) Modified Bus Structure and Memory Access Schemes
'(iii) Multiple Access Memory
(iv) Multiported Memory
(v) Very Long Instruction Word (VLIW) Architecture
(vi) Pipelining
(vii) Special Addressing Modes
(viii) On-Chip Peripherals
Applications 4 marks
e Itis used in seismic data processing.
» Itis used in statistical signal processing.
« It is used in voice recognition systems.
¢ Itis used in digital images (HD).
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