Example 4.6 Find the DFT of a sequence z(n) = {1, 2, \

3’ 47 4’ 3, 2 1 .
algorithm. 1 Sing D
Solution

The twiddle factors associated with the flow graph are

We = LLWg = (e72"/8)} = e=37/4 = 0.707 — jo.707
W82 ok (e—-j21r/8)2 -~ e—jw/2 — _j
We = (e7/8)3 = e=337/4 — _0.707 _ o707
The basic operation is
A\ _ A+ BW, :

-

.

¢
B/ W NG A-Bwe

Output
20

~5.828-12.414

0
" ~0.172-j0414
SIS,

’ ~0.172-0414

0
—5.828+j2.414
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rig. 4.10 I -

Example 4.8 Repeat the example 4.6 using DIF algorithm.

Solution )
The twiddle factors associated with the flow graph are Wi =1w
70.707, W¢ = —j, I/I/’g’ = —(.707 — j0.707. The basic operation is
A“’:JX A+B
B (A-B) Wy

Fig. 4.17
Output

5 a W 102 We _ X(0)F=20
ED
’ X(2)=0
"" 0 X(6)=0
>

0 -3-' 0 5 R28-12414

Wy laWy - X(1)=-5.8284=
<2.8281.414 ‘ Iy
B . /' X(§)=-0.1 240418
“_jU."H

34 W - XQ3)=-017=

)

oo

4

: - ((7)=-5.828+241
<2.12142.121 2.828-j1.414 it

Fig. 4.18
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Example 4.9 Compute the eight-point DFT of the sequence \

(n) 1 0<n<T7 EIE AU'03
.'L‘ n —

0 otherwise CSE AU'03
by using DIT, DH- algorithms.
Solution
DIT algorithm

The twiddle factors associated with butterflies can be found as

Wy = 1, Wy = 0.707 — j0.707; W2 = —j; W2 = —0.707 _ 30707
input Output

S S
x(0) =1 5! 10 22
(0) 20

x(4)=4
w?

) ~5.828-12414
x(2)=3 _°
2) 0
x(6)=2
(6) o g% : v ~0.172-j0.414
x()=2 '8 s 10 ‘ 0
5) = -
x(5) =3 . —0.172-j0.414
w g
x(3)=4 8
: 0
x(7)=1 )
. e -5.828+j2.414
e ws

0 —1+13 3
Wy 2wy

8 )
Y

¥ Fig. 4.19
X(k): 8:0101000
DIF algorithm { ol
Input : Output
x(0)=1 ,

={8a 0’ 01 01 0, Os '07 O} /
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Lne rast Fourjer Transform 4.31

|
t TL) = {0, 1, 2, 3} using DIT
E e ot

ole 410 Compute 4-point DFT of 3 S€quence z(
- pF
P ’
- pralgorith® I
The putterfly operation is given by

A }x;< A+BWY,
k
B A-BW {
Twiddle factors associated with butterfiies are

Wf — ]_ Wi‘ — 6‘3'21\’/4 _ __j

-

Bit reversal of input is given by
Inputindex Binary index Bit-reversal Bit-reversal index

0 00 00 0
1 01 10 2
- 10 01 1 |
3 11 11 3
Inpot Output - Output
kS . X(0)=6" X(0)
X(y=24i2 Xq)
X(@2y=2 X(2)
X(3)=2+2 X(3)
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'//e [DFT of the sequence

: cOmput
- _0.707 — j0.707, —5,0.707 — j0.707,1,0.707 + j0.707
o \]" ~0.707 + j0.707} (EIE AU’ 03)
;Jfﬂgm'"hm
'—mlcx conjugate of X (k) and apply bit reversal index inputs to flow graph
2
' € . Output
Input S, S, u, 3x+(0)
w7 .
m _ ’//
| 8x*(2)
‘0‘ | _8x(3)
. g5 /\ 8x+(4)
’ 8x+(3)
§x+(6)
8x+(7)
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4.34 Digital Signal Processing

Input Si Sy

7 741=28 84+0=28

1 7-1=6 6+ (-7)27=28
J j=j=0 B-0=8

=3 j=(=3)=2 6~ (=5)(2)) =4

~0.707 4 50.707

0.707 - 50.707

0.707 + 50.707

~0.707 - §0.707

(~0.707 4 j0.707)
4(0.707 - 50.707) =0

(=0.707 + 50.707)
~(0.707 - j0.707)
= -1.414 + j1.414

(0.707 4+ 50.707)

+(=0.707 - j0.707) = 0

0.707 + j0.707
~(~0.707 — j0.707)
=1.414 + j1.414

(~1.414 + j1.414)
+(—7)(1.414 + j1.414)
=0

(~1.414 + j1.414)
~(=4)(1.414 + j1.414)
= —2.828 + j2.828

Output

Nz*(n) = {8,8,8,8,8,8,8,0)
z(n) = {1,1,1,1,1,1,1,0)

Example 4.12 Comp
z(n) = {0.5,0.5, 0.

Solution

The basic butterfly operation is

>< o
k k
BYWX N aBwk

The twiddle factors are

Wy =1, W} = 0.707 — 30.707; W2

X(0)=0.5 0.5

=0 w:

.5':; “Z).OJ 0.5

ute the eight-point DFT of the sequence
9,0.5,0,0,0,0} using the inplace radix-2 DIT algorithm,

\

= —j; W = —0.707 — j0.707

2
0.5-j1.207
0
0.5-j0207
0
0.5+j0207
%

0.5+i1207
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/0 5-0.5

The Fast Fourier Transform 4.35

1

7 —

1

- - —————a—

1

v._..._,__..,._ L;

,_.‘7 ;

.’n 5 » J
. -
§ 0P \ ]
1(0)*-0" 1 >< Y 1
0 "5 & wp .
W W E
. 05 Ve
05 gt
“ ; 7 0.5 Wy
- PN e
05 . s 0.5 .
e > ]
./’/ N 0 o 1
X(S) =0 M oo i»\{/( \
“3) —05 \ e —P;:. e -
W"

xM=0 ,_,__'g-./\___w,o 5

Amﬁ;‘;\n st #4 tha AAc.,

crmnnla

- 8 -
~ 3 v
= “18 - . 05ql.zlﬂ
0.5+10.5 . N A = - wea , :;
Fig. 4.25
AETHATT Alaaidb . 20 Lle oo 1 __3_ ~ 3 *
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\
Example 4.14 Compute the DFT of a sequence z(n) = {1,—1,1, ~1} using ppp

algorithm. : ’
Solution

Fig. 4.27
X(k) = {0,0,4,0}

/
[F algo

| of the sequence z(n) = {1,0,0, 1} using D
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The Fast Fourier Transform 4.37

01 -
90“1“0 Wi =1 Wi - )
(=1 o4 LaW! 2=X(0)

A
S
x<n=0N :><
e
>

0= X(2)

1
x@=0 >Wi<l +j=X(1)
x(3)=1 \5v// 1-j=X4)

Fig. 4.28
Xk) = {2,1+5,0,1 -7}
T

e 4.16 Evaluate and compare the 8-point for the following sequences using

Wn;gr algorithm- | |
piT 1 for-—3§n_<_3 b, za(n) = 1 for0<n<6
. i(n) = - 0 otherwise

Sol uﬁon ' )1(1(“)
] for —3<nS 3
Given 21 () = 0 otherwise n

32-1012 3
(n) for N =81s

The sequence 21
n)={1,1,1,1,0,1,1,1} ‘ l ‘ l \ l i | ‘ ,U__U_
€78 910

1
+ s 321012345

0 otherwise

Twiddle factors are given by
— —0.707 — 0.707

0 = 1. W = 0.707 = 50.707; w2 =—5;W’
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4.38 Digital Signal Processing

1
X;(k):{?,l,—»l,l,Vﬂl,l, 1,1}

n) = {1,1, 1,111 1,0}

(b) za(
2 . 7
& 7,.
x(0)=1 o™ _ // ,
\‘n\ 0 \\ f 9 : - P ).707 - 0.7
x(4)= 1 W: % ‘ s s - N /// //
24 - ’ \9 N /n/ / -
x(2)=1 AWy N N -
( \.\9 ) ) \\g \\>/\,»/ \/( / P 0.707 i0.707
= 10 Wl \ B N : e
=1 YW > O
2 e v//
x(1)= ! /// (T8 ; <
\ & “ /// _/.i(l/ \{ N ~_ 0.707 . J() -
=1 g N AW
g ] )
1 2
x(3)=1 ><:/ \'/Wg
o ’ ~ = 0.707 + jo.707
- 3 o W,
x(7)=0 A0 Wi j 8

Fig. 4.30

The sequence z2(n) can be obtained by shifting the sequence z1(n) right i
times. Therefore using time shifting property of DFT we have the relation

Xo(k) = e77O*/8 X, (k)

= e'jgﬂkMXl(k)
X2(0) = X1(0)e® =7
Xo(1) = X1 (1)e™93/4 = —0.707 — 50.707
X5(2) = X1(2)e ™% = —j
X2(3) = X1(3)e™9"/4 = 0.707 — §0.707
Xa(4) = X1 (4)e™ 3 = 1
X3(5) = X1(5)e™*"/4 = 0.707 + ;0.707
X3(6) = X1(6)e17/2 —
Xa(7) = Xy (7)e™721"/4 = _0.707 + 50.707

=0.707 = j0.707, —,0.707 - j0.707, 1,0.707
0.707,5,0.707 + j0.707)

o aEke R b 0
Bhy /.0'4141

\€ Sequence X (k) = {4,1-;2.414,0.1 77"
algorithm,
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Ane rast rourier lransform 4.39

solll""’“
X+(0)= 4
xe(1)=1 +j2.414
x+2)=0
x+(3)=1+j0.414
X~(4) =0

X+(5)=1-j0.414

X+(6)=0

Xx(T) = 1-j2.414 /

: The output 82*(n) is in bit reversal order.
Therefore

z(n) = {1,1,1,1,0,0,0,0}

Example 4.18 Find the IDFT of the sequence

X (k) = {10,—2 + j2,-2, -2 — 52}

- using DIT algorithm.

factors are Wi = 1; Wj = —j

4x*(0)
8§ 4x*(1)
12 4x*(2)
16 4x*(3)
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