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INTERNAL ASSESSMENT TEST - |

Sub: | DIGITAL SIGNAL PROCESSING Code: 18EC52
Date: | 04 /11/2022 Duration: |90 mins | Max Marks: |50 Sem: |V Branch: |ECE
Answer any 5 full questions
R
Marks|/CO |B
T
1 | Why is it necessary to perform frequency domain sampling? With a neat diagram, | [10] |COZ2| L3
show that sampling of DTFT results in N-point DFT.
2 | Compute the 8-point DFT of the sequence x[n] = [4,3,2,1]. Plot the magnitude | [10] |CO2| L3
spectrum and the phase spectrum.
3(a) | Compute the 4-point DFT of x[n] = [8,4,2,6] using matrix method. Plot the magnitude | [06] [CO2|L2
spectrum and the phase spectrum.
3(b) | Compute the IDFT of X[k] = [7.8,—1.65 + j0.9526, —1.65 — j0.9526] using matrix | [04] |CO2|L2
method.
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The first 4 samples of 6-point DFT of a real 6-point sequence are as follows. [10] |CO2|L3
X[k] = [21,-3 +j5.1962,—3 + j1.7321, 3]
Determine the remaining samples of X[k]. Evaluate the following without explicitly
determining x[n].
i) x[0] i) x[3] i) X5-0x[n] iv) X5-o(=1D)"x(n)
With proof, explain the nature of DFT for the following cases. [10] |CO2|L2
i) x(n) is real and circularly even if) x(n) is real and circularly odd
i) x(n) is imaginary and circularly even iv) x(n) is imaginary and circularly odd
Compute the N-point DFT of the following sequences [10] |CO2|L2
i x(n)= ejan,O <n<N-1
.. 2T
ii. x,(n) =cos (Wln),O <ns<N-1
ii.  x3(n) = sin(%nln),O <ns<N-1
Prove that if x(n) is real, then [10] |CO2|L2
i) X(0) is real i) X(k)=X"(N—k) i) X(3) isreal foreven N
R
Marks|/CO |B
T
The first 4 samples of 6-point DFT of a real 6-point sequence are as follows. [10] |CO2|L3
X[k] = [21,-3 +j5.1962, -3 + j1.7321, —3]
Determine the remaining samples of X[k]. Evaluate the following without explicitly
determining x[n].
i) x[0] i) x[3] i) X5-0 x[n] V) Za-o(—1"x(n)
With proof, explain the nature of DFT for the following cases. [10] |CO2|L2
1) x(n) is real and circularly even i) x(n) is real and circularly odd
iii) x(n) is imaginary and circularly even iv) x(n) is imaginary and circularly odd
Compute the N-point DFT of the following sequences [10] |CO2|L2
iv. x;(n)= ejWnln,O <n<N-1
21
V. x,(n)= cos(wln),O <ns<N-1
Vi. x3(n)=sin(2§ln),OSnSN—1
Prove that if x(n) is real, then [10] |CO2|L2

i) X(0) is real i) X(k)=X"(N—k) i) X(5) isreal foreven N
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Why is it necessary to perform frequency domain sampling? With a neat
diagram, show that sampling of DTFT results in N-point DFT.

10

e Need for frequency domain sampling
e DTFT
e Periodic nature of sequence

e Final expression

w w NN

10

Compute the 8-point DFT of the sequence x[n] = [4,3,2,1]. Plot the magnitude
spectrum and the phase spectrum.

10

e DFT computation
e Magnitude spectrum
e Phase spectrum

)

10

Compute the 4-point DFT of x[n] = [8,4,2,6] using matrix method. Plot the
magnitude spectrum and the phase spectrum.

10

e DFT computation
e Magnitude spectrum _
e Phase spectrum

10

The first 4 samples of 6-point DFT of a real 6-point sequence are as follows.
X[k] = [21,-3 +j5.1962,—3 + j1.7321, 3]

Determine the remaining samples of X[k]. Evaluate the following without
explicitly determining x[n].

i) x[0] i) x[3] i) ¥5_o x[n] iv) %5 o (=D x(n)

10

10




e Remaining samples
e x(0)

e x(3)

o Xh-ox[n]

o Yo o=D"x(m)

N NN NN NN

With proof, explain the nature of DFT for the following cases. 4 10
i) x(n) is real and circularly even i) x(n) is real and circularly
odd
iii) x(n) is imaginary and circularly even Iv) X(n) is imaginary and
circularly odd
e x(n) isreal and circularly even 2.5
e x(n) isreal and circularly odd 2.5
e Xx(n) is imaginary and circularly even 2.5
e Xx(n) is imaginary and circularly odd 2.5
Compute the N- pomt DFT of the following sequences 10 10
i. xl(n)—e]Nln 0<n<N-1
i. x,(n)=cos (Vln),o <n<N-1
. 2m
iii. x3(n)=sin (Fln),o <n<N-1
o« X (k) 3
. X0 >
4
o X3(k)
Prove that if x(n) is real, then 10 10
X(0) is real i) X(k) =X*(N —k) i) X (%) is real for even N
e X(0)isreal 3
e X(k)=X*"(N—-k) 4
3

e X (g) is real for even N
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Answer any 5 full questions
R
Marks|CO | B
T
1 Why is it necessary to perform frequency domain sampling? With a neat diagram, show | [10] |CO2| L3
that sampling of DTFT results in N-point DFT.
2 | Compute the 8-point DFT of the sequence x[n] = [4,3,2,1]. Plot the magnitude spectrum | [10] |CO2 L3
and the phase spectrum.
3(a) | Compute the 4-point DFT of x[n] = [8,4,2,6] using matrix method. Plot the magnitude | [06] |[CO2|L2
spectrum and the phase spectrum.
3(b) | Compute the IDFT of X[k] = [7.8,—1.65 + j0.9526, —1.65 — j0.9526] using matrix | [04] [CO2|L2
method.
4 The first 4 samples of 6-point DFT of a real 6-point sequence are as follows. [10] |CO2|L3
X[k] =[21,-3 +j5.1962, -3 + j1.7321,-3]
Determine the remaining samples of X[k]. Evaluate the following without explicitly
determining x[n].
1) x[0] i) x[3] i) X5ox[n] iv) Xazo(—1)" x[n]
5 With proof, explain the nature of DFT for the following cases. [10] |[CO2|L2
i) x(n) is real and circularly even ii) x(n) is real and circularly odd
iii) x(n) is imaginary and circularly even iv) x(n) is imaginary and circularly odd
6 Compute the N-point DFT of the following sequences [10] |[CO2|L2
2T
. x(=ev"0<n<N-1
i — cos (& _
ii.  x,(n) = cos(N ln),O <ns<N-1
iii. x3(n) =sin (%nln),o <n<N-1
7 Prove that if x(n) is real, then, prove that [10] ICO2|L2
1)X(0) is real  (i1) X(k)=X*(N-k) (iii) X(N/2) is real for n even.
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Solution.

Q1. Frequency analysis of discrete-time signals is usually and most conveniently performed on a digital
signal processor which may be a general-purpose digital computer or specially designed digital hardware. To
perform frequency analysis on a discrete-time signal x(n) we convert that time-domain sequence into an
equivalent frequency-domain representation. We know that such a representation is given by the Fourier
transform X(w) of the sequence x(n). However X(@) is a continuous function of frequency and therefore it is
not a computationally convenient representation of the sequence x(n). So we consider the representation oi a
sequence x(n) by samples of its spectrum X(@).

The FT of DT aperiodic signal is represented by X (w) = Yo _, x(n) e /"

*  Suppose that we sample X(w) periodically in frequency domain at a spacing of 6 between two
successive samples .

~| =57

N

X(e®™) X[k]

=2 - 0 w 2w w

* Since X(w) is periodic with period 27 , only samples in period 0 to 2w are necessary. Replacing o by
21k

N
¢ X(w) = T2 x(n) e TN
¢ X (B =2 axm e

¢ The summation can be divided in to infinite number of summations with N terms in each summation
2tk

X () = By x0T 4 TR e 4 T ) e S

Wi =

2mk IN+N-1 YLl
¢ ( ) Yie—o2mein  x(m)e N Replace n by n-IN
X (B = 3R L XS x(n - V) e N )

N
2k

.21k

* (an) Zz__OOZ =0 x(n —IN)e” I ]_lN =1
* Interchanging the order of summation

. 2nk e —jzlkn
© X () = X0 = TN R x(— ) e
* Letus define x,(n) = ¥;2_, x(n — IN)

.21k

« o X(k) = 211\1];(} xp(n) e /T n"
*  Where xp(n) is periodic extension of x(n) for every N samples for finite duration length sequence

x(n) with length L<N.

.21k
s Then X(k) = XN-tx(n) e/ m " computes the DFT of sequence x(n). The expression obtained by
sampling the X(w) is called as discrete Fourier transform (DFT)

.21k

*  xp(n) can be expanded using FS as x,(n) = XZjcp e/ v "
. With FS coeffici 1apn-1 — R, 1 ¥ (2

it coefficients cx=rYn=o Xp (n)e'n "= 5 (T)

o . . k L"
* Now substituting for ¢, in expression of xp(n). x,(n) = X (2” ) o
2mk A, . . L

o xp(n) = Zﬁ o X ( = ) JN™ Since xp(n) is periodic extension of x(n). x(n) can be recovered from

xp(n) obtalned by above expression if there is no aliasing (L<N) in the time domain.
*  Where x(n)=xp(n) for 0<n<N 1

e x(n) = %Z 1X(k)e’ N " This equation computes IDFT of X(k).
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Q2. Given x(n)=[4,3,2,1], Note to compute 8 point DFT four zeros are padded at the end of given the
sequence so x(n)=[4,3,2,1,0,0,0,0]

.2TC
X(k) = ¥N2E x(n) Wik where Wy = e /N

For k=0, X (k) = Y.8_L x(n) W=7 _, x(n)= x(0)+x(1)+x(2)+x(3) =4+3+2+1 =10 as samples values from
x(4) to x(7) are 0. X(0) = 10.

For k=1, X(1) = Y7 _, x(n) W= x(0) W+x(1) Wga+x(2) WZ+x(3) Wy samples values from x(4) to x(7) are
0

1 j . -1 j * * *
Wg=Z—Z Wi =W =F2 -5 W=-1W5 = W, wg = Wg*, wg = wg*
A X(1) =443 (% - j—'i)+2(—j) +1 (_T; - %) =5.5414 - j 4.828

For k=2, X(2) = Y7 _, x(n) WZ"= x(0) W+x(1) WE+x(2) We+x(3) W samples values from x(4) to x(7)
are 0

2 X(2) =443 (—)+2(-1) +1 (j) =2 - j2
For k=3, X(3) = Y7 _, x(n) Wg"= x(0) W+x(1) Wg+x(2) We+x(3) Wy samples values from x(4) to x(7)

are 0, Wg = Wg
-1 . 1 :
- X(3) = 443 (32— Ly420) +1 (5 — &) = 2.5858 - j0.8284
For k=4, X(4) = Y7 _o x(n) W= x(0) W+x(1) Wgt+x(2) WE+x(3) W42 samples values from x(4) to x(7)
are 0, W = W@, Wa? = Wt

~X(4) =43 (-DR2(D) +1 (-1) =2
For k=5, X(5) = X7 _, x(n) W= x(0) W+x(1) Wg+x(2) Wg+x(3) Wa> samples values from x(4) to x(7)

are 0, Wg° = W2, Wa> = Wy

. = RNy ST R ;

£ X(5) = 443 (G5 + D)42() +1 (5 + ) = 2.5858 +0.8284

For k=6, X(2) = Y7 _o x(n) W™= x(0) W+x(1) W +x(2) Wg?+x(3) Wg? samples values from x(4) to x(7)
are O, W812 = W84’ W818 = W82

£ X(2) = 443 ()+2=1) +1 (=) =2 +j2
For k=7, X(7) = Y7 _, x(n) W{"= x(0) W+x(1) Wy +x(2) Wa*+x(3) W2 samples values from x(4) to x(7)

are 0, Wg* = W& W2t = Wy
1 j . -1 j .
“ X(7) =443 (5 + j—i)+2(,) +1(5+ j—i) =5.5414 +j 4.828

X(k) = {1020, 7.25452-0.7283, 2.8284£-0.7854 , 2.715320.3100, 2£0,2.715320.312.8284£0.7854, 7.254520.7283}

Angles are in radians.

106

X

X o o ‘
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Q3a. To compute the 4-point DFT of x[n] = [8,4,2,6] using matrix method X = W,y ,x
1 1 1 1

1w, wp w;
1 wp wr o w}
1

W, =
W43 W46 W49
X[0] 1 1 1 178
X[ (1 = -1 j |4 .
X[2] =11 -1 1 21|y Row of W in to column of x.
X[3] 1 j -1 —jlte

X[0]=8+4+2+6 =20

X[1]=8+4(—j)+2(-1)+6(j) =6+2j

X[2]=8+4(-1)+2+6 (-1)=0

X[3]=8+4(j)+2(-1)+6(—j) =6-2j

X(k) = {2020, 6.324520.321, 020 , 6.32452 —0.321} Angles are in radians.

20¢

Xk

5
10
5
0

0.4
0.2 ‘
Y

-0.2

2X(K)

0.4
1 15 2 25 3 35 4

Q3.b. To compute the 4-point IDFT of X[k] = [7.8,—1.65 + j0.9526, —1.65 — j0.9526] using matrix

method. x = gW*3x3X

1 1 1 1 1 1]
W, =1 Wi WF| W= (1 Wit wy?
1 wE wj 1wy w3
x[0]] 41 1 1 1 7.8
x[1]| ==[1 —-0.5+,0.866 —0.5—;0.866 [—1.65 +j0.9526]
x[2] 1 —-0.5-,0.866 —0.5+;0.866]1—1.65—j0.9526

~ x[0] = §{7.8 —1.65 +j0.9526 — 1.65 — j0.9526} =1.5
~x[1] = §{7.8 + (—0.5 +;0.866) - (—1.65 +j0.9526) + (—0.5 — j0.866) - (—1.65 — j0.9526)} =2.6
~x[2] = §{7.8 + (—0.5 —j0.866) - (—1.65 + j0.9526) + (—0.5 + j0.866) - (—1.65 — j0.9526)} =3.7
Q.4. Given the first 4 samples of 6-point DFT of a real 6-point sequence
X[k] = [21,—-3 4+ j5.1962, -3 + j1.7321, —3] the remaining samples are computed by X[k]=X*[6-k]

X[4]1=X*[6-4]1=X*[2]= —3 — j1.7321 and X[5]=X*[6-5]=X*[1]= —3 — j5.1962.
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i) To find x(0) let us use IDFT equation x(n) = %Z,SCZO X(k)e’ %n; In this equation if we
substitute n=0 we get x(0) = = Nf_o X (k) €= = {X[0]+X[1]+X[2J+X[3}+X[4]+X[5]}

~x(0) =3{21-3+/5.1962 — 3 +1.7321 —3 — 3 — j1.7321 — 3 — j5.1962 }-1

ii) Now in IDFT equation if we substitute n=3 we get x(3) = %2,5620 X(k) e’ %3
2 x(3) = 2 Xio X () (—1)¥

# 2(3)= S{X[0}-X[1+X[2]-X[31+X[4]-X[5]}

+x(3) =3{21+3—j5.1962 — 3 +j1.7321 + 3 — 3 — j1.7321 + 3 + j1.7321}=> =4

iif) To find 3.3 _, x[n] let use DFT equation X (k) = ¥3_,x(n) e’ ?nand substitute k=0 in that
=~ X[0] = Z3-x[n]=21

iv)  Tofind ¥>_,(—1)™ x[n] substitute k=3 in DFT equation
~ X[3] = X5 _o(—1D)™x[n]= -3

Q5. We now that DFT x(n) Piaiki X[k] and x{(—n))y Pk X*[k]

X[k] = DFT{x(n)} = XN} x(n)cos (ZHT) —j¥N=dx(n)sin (znnk) ....................... (1)
X*[k] = DFT{x{(—n))y} = x(n)cos( ”"") +j YN-1 x(n)sin (2""") ....................... )

i) If x(n) is real and even then DFT{x,(n)} = : {DFT{x(n)} + DFT{x((—n))N}}

From equation (1) and (2) DFT{x.(n)} = %2 YN-Lx(n)cos (Znnk)— “dx(n)cos (Znnk)

if) If x(n) is real and odd then DFT{xo(n)} = - L{DFT{x(n)} — DFT{x((—1))n}}

) BN x ()sin ()

N

From equation (1) and (2) DFT{x,(n)} = %(—Zj) Y-l x(n)sin (
iii) If x(n) is purely imaginary and even then DFT{x,(n)} = 2 {DFT{x(n)} + DFT{x{((—m))n}}
From equation (1) and (2) DFT{x,(n)} = = 2 YN-1jx(n)cos ( ”nk)— N-1jx(n)cos (%)

iv) If x(n) is purely imaginary and odd then DFT{x,(n)} = 3 {DFT{x(n)} - DFT{x((—n))N}}

From equation (1) and (2) DFT{x,(n)} = %(—Zj) Yh-tix(n)sin (27;”(): Nl x(n)sin (%)

Q.6 By definition of DFT we have X (k) = YN_] x(n) K where Wy = e v N
.2min 21171
i) X, (k) =YN4 Lol e/ W w=yhN-1 ] v k) now expressing its closed form of equation
.2nN
1-ef W )
=~ Xq1(k) = =0 forl # kandfor L = k = X;(k)=XNZ, 0e =N

1- e’N

« X, (K)=N&( — k)

.. 1onN-1 j2min _ jZmin _jZmk o q N— (l k) (i+k) . .
i) X, (k) = 2 ¥aZ0 {e’ v oe W }e I =—{ N-1gJ + YN-le™ }now expressing its
closed form of equation

211N(l )

.2mn
D = S =0 for L keand for L = k3N O €O N e NOU — )
1-e
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(l+k)

mn ] 27N .
Similarly ¥N=4 e /v == % 0forl# —kandfori=—k YN-te /" P=Nie N5 + k)
1_€]W +k.

“ X, (k)%{a(z —k)+ 60+ k)}

. B ) L (N1 B N—1 =) o
i) X5(k) = Z {e N —e N}e N 7{ n=o€ N —yN-le™ }now expressing its

closed form of equation

211N(l )

P 2m ,
“tel v I —0forl#kandforl=kyN -1 NiO=yN-1057O_N e N5 - k)
N-1 o J) ](Z)OflkdflkZ,’\l’Olf N-1
1-e
2 . : ZﬂN(H—k)
Similarly ¥N-te™ SR ﬁ—Oforlqt —kand for | = —k $N-1e T W O=Nie. N6(I + k)
1-e’N

Xy (k):%{6(l —k) =8+ k)}

Q.7. By definition of DFT we have X (k) = YN} x(n) Wi where Wy = eI
i) If we substitute k=0 in this equation we get X[0] = ¥'>_, x[n] WX=X>_, x[n].
If x(n) is real then X[0] is real and is Y5 _, x[n]
i) For X[N-k] DFt equation shall be written as X(N — k) = Y-t x(n) Wn(N 2
X(N — k) = N2 x(n)Wy ™ WN=YN_1 x(n) Wy ™ Now taking conjugate of this equation
XN k) = (Zﬁ;éx(mww—"") as x*()=x(n) = X* (N — k) =E823 x(m)Wy
X*(N — k) = X[k]

iii) If N is even and if we substitute k=N/2 in DFT equation then we have X (g) = 2n-0 Ix(n) W n("/)
. v n (/2)_ an_—jTr:_ n
2 XE) = TN D) - Wy e/ = ~(~1)
So if x(n) is real and N is even then evaluation of -~ X (g) = YN-3(—1)"x(n) is real.
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