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Sub: | DIGITAL SIGNAL PROCESSING Code: 21EC42
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, show | [10] |CO2 L3
that sampling of DTFT results in N-point DFT.
2 | Compute the 4-point DFT of the sequence x[n] = [1,1,1,1]. Plot the magnitude spectrum | [10] |CO2 L3
and the phase spectrum.
3(a) | Compute the 4-point DFT of the sequence x[n] = [4,3,2,1]. Plot the magnitude spectrum | [06] [CO2|L3
and the phase spectrum.
3(b) | Compute the IDFT of X[k] = [7.5,1.5 — j0.8666, 1.5 + j0.866] using matrix method. [04] |CO2|L3
4(a) | The first 5 samples of 8-point DFT of a real 6-point sequence are as follows X[k] =| [6] [CO2|L3
[0.25,0.125 —j0.3018,0,0.125 — j0.518,0]. Determine the remaining samples of
X[k]. Estimate the value of x[0].
L2TT
4(b) Compute the DFT of the sequence x(n) = e/7¥™,0<n<N -1 [4] [CO2|L3
5 Compute the DFT of the sequence x(n) = a™, 0 < n < N — 1, hence evaluate the DFT | [10] |[CO2|L3
ofx(n) =04",0<n<3
6 Two length-4 sequences are defined as below [10] |CO1|L3
x(n) = cos (nz—n) ,n=20,123,h(n) =2nforn=20,123
Compute the circular convolution using any two methods
7 Sate and prove that the multiplication of two DFTs is equivalent to circular convolution | [10] |[CO1|L1
in time domain.

Solution.

Page 1 of 6




QL. 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(w).

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

» Suppose that we sample X(w) periodically in frequency domain at a spacing of 5w between two
successive samples .

5
£
- =3

N

X(e™) X[k

27 - 0 T 2w w

» Since X(w) is periodic with period 27, only samples in period 0 to 2 are necessary.Replacing o by
2tk
Wk =N

2Tk
© X(wp) =Ymeewx(n)e /"
.211'k
© X () = Eexme W
* The summation can be divided in to infinite number of summations with N terms in each summation

’ X(sz) ot Zntovx(n)e” e "+Xnsox(m)e i + Y2Vt x(n)e e

.2k
. (an) ye 7111\/1;11\1\1—19((")e—JTn Replace n by n-IN
I A
2wk

271:k

. (an) Y2 YN Iy(n—IN)e "N el W =1
» Interchanging the order of summation

. 2mk _ yN-1y® 2
© X () =X = TN IR x(— IN) e
* Letusdefine x,(n) = X2 _, x(n — IN)

.21k

¢ X(k) = SN ke T
*  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

e Then X(k) = ¥¥-3x(n) e/~ " computes the DFT of sequence x(n). The expression obtained by

sampling the X(w) is called as discrete Fourier transform (DFT)
.2k

* xp(n) can be expanded using FS as x,(n) = XyZgc e’ v "

.21k
«  With FS coefficients ck:% Ngx,(n)e /W= %X (%)

N-11

. . . . 2mk ]ﬁn
* Now substituting for ¢ in expressmn of Xp(n). x,(n) = Yo " (—)

N
« x,(n) = %Z’,X;(} (znk) Be- S Since xp(n) is periodic extension of x(n). x(n) can be recovered from

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

.21k
+ x(n) = %ZQ;(}X(k) e’ ™™ This equation computes IDFT of X(k).
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Q2. Given x(n)=[1,1,1,1], 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]

L2TC
X(k) = IN= x(n) Wik where Wy = e /W

For k=0, X (k) = X8_L x(n) WQ=Y7 _, 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) = 4.
For k=1, X(1) = X7 _o x(n) Wg= x(0) W+x(1) Wa+x(2) WZ+x(3) Wg samples values from x(4) to x(7) are
0

1 j 1

Wi == Wg=—j, W5 =%~ = W = =1, W5 = W3, W = Wg2, wi = wy?

1 j . -1 j .
2 X(1) = 1+1 (5 - é)ﬂ(—]) +1 (5~ %) =1-j2.4142
For k=2, X(2) = Y7 _o x(n) W= x(0) W+x(1) WZ+x(2) Wy +x(3) W samples values from x(4) to x(7)
are0

X(Z) =1+1 (—])+1(—1) +1 (_]) =0
For k=3, X(3) = Y7 - x(n) Wg"=x(0) W+x(1) W+x(2) WS+x(3) Wy samples values from x(4) to x(7)
are 0, Wy = Wy

-1 j . 1 j g
~X(3) =1+l (5 - é)+1(]) +1 (- j—i) 1-j0.4142
For k=4, X(4) = Y7 _o x(n) Wg"=x(0) WL+x(1) Wg+x(2) W2+x(3) Wg¢? samples values from x(4) to x(7)
are 0, W = Wy, Wg? = Wy

S X(4) =1+1(-D+1L(1)+1 (-1) =0
For k=5, X(5) = Y7 _, x(n) Wg™= x(0) WL+x(1) Wg+x(2) Wg°+x(3) Wa> samples values from x(4) to x(7)

are O, W810 = W82, W815 = W87
-1 j . 1 j .
~X(5) = 1+1 (5 + é)ﬂo) 1 (5 + é) =1+j0.4142
For k=6, X(2) = Y7 _o x(n) W™= x(0) W+x(1) WE+x(2) Wg2+x(3) Wg8 samples values from x(4) to x(7)
are O, W812 = W84, W818 = W82

~X(6) =1+1 (H+1(—-1) +1 (=) =0
For k=7, X(7) = Y7 _o x(n) Wg™= x(0) WL+x(1) Wy +x(2) Wg*+x(3) W samples values from x(4) to x(7)

are 0, Wg* = W, W2t = wg

£ X(7) = 141 (G + L)+10) +1 (5 + L) =1+ 24142
X(k) ={440,2.6132£-67.5,020, 1.08242 — 22.5,020,1.08242£22.5,0£0, 2.613267.5}
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Q3a. To compute the 4-point DFT of x[n] = [4,3,2,1] using matrix method X = W,y ,x

1 1 1 1
1 WD W2 w2
1 W2 W wp
1 W2 WS w?

4

X[0] 1 1 1 17

X[ |11 = -1 j |3 )

xz1l= -1 1 21| Row of W in to column of x.
[3] 1 j -1 -l

X[0]=4+3+2+1 =10

X[1]=4+3(—j)+2(-1)+1(j) =2-2j

X[2]=4+3(-1)+2+1(-1)=2

X[3]=4+3(j)+2(-1)+1(—j) =2+2j

X (k) ={10£0, 2.82842 — 45,240, 2.8284245%} Angles are in degrees.

XWI e

X(K) )

Q3.b. To compute the 3-point IDFT of X[k] = [7.5,1.5 — j0.8666, 1.5 + j0.866] using matrix method. x =

Lo+
EW 3x3X

1 1 1 1 1 1 ]
W3 = 1 W31 W32 W *3= 1 W3* 1 W3*2

1 wZ wj 1 wy? Wi
x[0]] 1 1 1 7.5
x[1]| ==|1 —0.5+0.866 —0.5—;0.866 1.5—j0.866]
x2]] 3l1 —05-j0.866 —05+;0.86611.5+;0.866

« x[0] = {75 + 1.5 — j0.866 + 1.65 + j0.866} =3.5

~x[1] = §{7.8 + (—0.5 4 j0.866) - (1.5 — j0.866) + (—0.5 — j0.866) - (1.5 + j0.866)} =2.5

~x[2] = §{7.8 +(=0.5 —j0.866) - (1.5 — j0.866) + (—0.5 + j0.866) - (1.5 + j0.866)} =1.5
Q.4 (a) Given the first 5 samples of 8-point DFT of a real 8-point sequence
X[k] = [0.25,0.125 —j0.3018,0,0.125 — j0.518, 0] the remaining samples are computed by
X[K]=X*[8-K]

X[5]=X*[8-5]=X*[3]= 0.125 + j0.518 , X[6]=X*[8-6]=X*[2]= 0 and X[7]=X*[8-7]=X*[1]= 0.125 + j0.3018
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i) To find x(0) let us use IDFT equation x(n) = —Zk o X(k) el s . ; In this equation if we
substitute n=0 we get x(0) = g217<=oX(k) e0:== 5 IX[O1+2*X [1]1+2* X [2] +2*|X[3] [+ X[4]}
5 x(0) =£{0.25 + 2% 0.125 + 0 + 2  0.125 + 0}=0.938

LoN-1( %7 4 oI ) oI =L [yN-1 S JE ) i
Q4.(b) X(k) = 52n=0 {e vte }e N 2{ n=o + YN-le” } now expressing its
closed form of equation

2nN

N—1  j—(i-k) _ 1- el (- k)_of f _ g N-1 o5 - =yN-1 jﬂ(o)_N- NS(l -k
Zn=o€ W = mey - Ofori=kandfor = k3nsge =YN- 1w O=Nje N6 — k)
e
.2nN
”(i+k)_ 1—€]T(l+k)_ N—-1 ,—/ 20 =N i
Similarly YN-le™ == = Ofori# —kandfori=-k ¥-ge’/~ Y=Nie NS(l+ k)
1-e’N

= X(R)=2{8( = k) + 5L + k)}

Q.5 By definition of DFT we have X (k) = YN-d x(n) Wi* where Wy, = e Iy
2mky T

.2mnk
W X(k) =YNtagre =yt (a el ) now expressing its closed form of equation

.2nN

—_ael N _~N
X(k) = % =0 X(k)=—2

1-ae’n 1-ae! W
1-(0.4)*
Now for x(n) = a™ forn =0,1,2,3 X(k) = ( )zik
1-0.4e) 2
X(0)="2 ("‘” — 1.624, X(1) = 220" _1=0D"_4 6400 - 0.3360i
1-04ef7 1104J
_ 4 _ 4 _ 4
X(Z) _ 1 (0.427[ _1 (0.4) :0.696,X(3) _ 1 (0'4.)271 _1- (0.4)* ~0.8400 + 0.3360i
1-0.4ef5 1104 1-0.4el73 17047

Q.6. Two length-4 sequences are defined as below
x(n) ={1,0,—-1,0},n = 0,1,2,3, h(n) = {0,2,4,6} forn = 0,1,2,3

Now by matrix approach

1 —1 07710 0+0—4+4+07 -4
2 0+2+0—6| [-4] .
]|:4 "y_ 0+0+4+O_ "Y(n)—{_4,_4;4;4}
6

4
0 0-2+4+0+6 4
1 1 1 1 1 1 1 1 1 0
_[r = -1 Jffo _[r = -1 Jfz
Now by Stockholm's method X =1, 3 3 [|_1[&H=|1 -1 1 -1ll4
1 j -1 —jflo 1 j -1 —jlle

={0,2,0,2} &H = {12, —4 + 4j, -4, —4 — 4}
~Y=X-H={0-8+8j,0,—8 — 8}

11 11 0 —8+8j—8—8j
o 1fr j -1 —j[{-8+8j] 1|-j8-8+8j—8
TYTEL -1 1 41 0 |Tz|8+8-8+8
1 - -1 —j||-8-8j —8j+8+8j+8

55 y(n) = {_4' _414!4}
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By concentric circle method
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0 0
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0

Q.7 If DFT of x(n) is X[K], and DFT of h(n)=H[k] then DFT of y(n)=x(n)®h(n) is Y[k]=X[K]H[K]

Y[k]=DFT{y(n)}= E y(nW.*  fork=0,1,2...N-1 |and y(n) = NZ_lx(m).h(n —m)
n=0 m=0

N-1N-1

~Y[k]=

x(m).n(n—myw,* | Interchanging order of summation |- v[k]= Nifx(m)f h(n —mW,

n=0 m=0

Substitute n-m =r, for n=0, r =-m and for n=N-1,r=N-m-1. h(n) and W are both N periodic so r also varies

_ N-1 N-1 N-1 N-1
fromOTON-L . vIkg= 3 x(m) > M ™ - YIKI= 3 xm) Y W
r=0 m=0 r=0

m=0

Yk = S xmwrhpkg K= XIKIHIK]
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