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TRANSFORMS

* Introduction and Sampling theorem

* ECG signal conversion system

* Discrete Fourier Transform (DFT)

* Decimation in time FFT

* Decimation in time FFT Problems

* Decimation in frequency FFT

* Decimation in frequency FFT Problems
* Multi rate Signal Processing

Wavelet Transform
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Discrete-Time Fourier Transform

eDerive an inverse transform:

<N> 1 1 <N> ) 1 <N>
) . . . T . .
X[n] = Z (N)X(e]kwo) elk on = = Z X(ejkwo) e}kmon(ﬁ) = Z X(e”“"o) efkwony,
k=<N> k=<N> k=<N>

AS N = oo, X[n] - x[n], wy = <2N—n>—>0, zwo —>fda)

eThis results in our Discrete-Time Fourier Transform:

1 o
x[n] = o X (ef“))ef“mda) (synthesis equation)
Znoo
X(ej“’) = Z x[n]e Jen (analysis equation)

n=-—oo
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zgé Discrete Fourier transform

DFT of x (n) is given by,
N-1

—j2mkn
Xik)= x(n).e N : wherek=01234,.. N—1
n=0
IDFT of X(k) is given by,
N-1
1 j2mkn
x{n) = = X(k).e ¥ :wheren=0,1,2,34,..,N—1 ‘
k=0
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:gé Compute DFT of the following sequence x (n) ={ 0, 1, 2, 3}

DFTof x (n)1is gwr.n bv,

—j2mkn
X(k)= Z x(n).e =% : wherek=0,1,234,.., N -1

W — N
N =0 =l n=2 g=3

0 0 0 0

k=0 w% W{* wg wél

W, - k=1 (W) W/ w; W,
k=2|w) w; wi w?

= 0 3 6 9
e _W4 W4 W4 W4 |
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Compute DFT of the following sequence x (n) ={ 0, 1, 2, 3}
n=0 n=1 n=2 n=3

0 | |
wy=e 4 =1
wi = e@ = CoS (%) — j sin (§)=-j

—j2m(2) o
WZ=e +« =cos(m)—jsin(m)=1

—Jj2m(3) 3 .. (3m)_ .
W2 =e cos (g) — jsin (§)=j
—Jj2n(4)

Wit=e + =cos(2m)—jsin(2m)=1

[Wy] =

> o o
[ 1]
SO =
-
[ === ]
=
i~
=
.
=
N
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Compute DFT of the following sequence x (n) ={ 0, 1, 2, 3} ‘ E_ﬁ

Xn = [Wn]xn
With N=4,X, = [Wy]x,

Putting values of W, and x4,

i1 1 1 17 [0] [O0+1+4+2+37] 6

v — (2~ 2 4 1| [0-j-2+3j| [-2+2j
T Tl =i @ =] (= | o-2s-F] | -2

1 j -1 -j| |3] |0+j-2-3j| |-2-2j

Thus we obtained 4 point DFT as,

"X (0)=6
| XM =-2+2j
e = XD =~—2
| X (3)=-2-2j |
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Find the DFT for the sequence x(n)={1,1,0,0}

x(0) =1 X(0)=2

=x(2)=0 X)) =1-]

x@) =1 X =0 x(n) ={1,1,0,0}.

Xk} = {21 =3,01%j}]

R0 X(@) =1+j

Input S1 Output
1 1+ (0*1)=1 1+1(1)=2

0 | 1-(0*D)=1| I1+1(5)=1
1+ 0*)=1| 1-1(1)=0 ‘
1-(0*D)=1 | 1-1(5)=1+j
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Find the DFT for the sequence x(n)={1,0,-1,0}

x(0) =1 X®=0

x2)=1" 1 X1 =2

X@) =0

x(3)=0 1 ) X@3) =2

Input S1 Output
1 | 1+-1)(1)=0| 0+0(1)=0 x(n) = {1,0,—1,0}.

1 1-D(D)=2 | 2+0(+)=2 X(k) = {0,2,0,2) ‘
0+0(1)=0 0-0(1)=0 -
-0(1)=0 2-0(-))=2
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Find the DFT for the sequence x(n)={1,-1,1,-1}

x(0) =1 X(m=o0

Xa) =0

X(2) =4

x@=1" 1 -4 X@) = 0.

Input S1 Output

1 1+1(1)=2 2+(-2)(1)=0 x(n) = {1,-11,-1}.
1 -I()=0 | 0+0(<)=0

X(K) = {0,0,4,0} ‘
A+HD(D)=2] 2-(22)(1)=4
-(-1)(1)=0 | 0-0(-))=0
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Find the DFT for the sequence x(n)={0,1,2,3}

x(0) =0 X(0) =6
x(1)=1 X(2) =2
x(2) =2 X(1) =-2+2j

x(n) =1{0,1,2,3}.

x(3) =3 X(3) =22 X(k)={6,-2+2j,-2,-2 - 2j}

Input S1 Output
0 0+2=2 2+4=6
1 1 +3=4 (2-4)(1)=-2
2 (0—-2)*1=-2 -2+2j
3 (1-3)(-D=2j [(-2-2))(1)=-2-2;
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Find the DFT for the sequence x(n)={1,0,0,1}

1
x(0)=1 1 1 X(0) =2

x(1) =0 X(2) =0

x(2)=0 X(1) =14
x(n) = {1,0,0,1}.

L | X X ={2.1+4,01-))

Input S1 Output
1 1+0=1 2+1=2

0 0+ 1=1 (1-1)(1)=0
(1-0)*1=1 1+] ‘
(0- D= (1-pH)= 14
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Find the FFT for the sequence x(n)={1,0,-
1,0} using DIF

x(0) =1

X(0) =0
x(1) =1 X(2) =0
— — x(n) ={1,0,—-1,0}.
X(k)=1{0,2,0,2}
x(3) =0 X(3) =2
Input S1 Output
1 1-1=0 0+0=0
0+ 0=0 (0-0)(1)=0
(1+1)*1=2 2+0=2
0- 0)(-))=0 (2-0)(1)=2
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X*(0) =2

2 4x*(0)=4

4x*(1)=4

X*3)=34 ! 2 4x*(3)=8
Input | S1 Output Output
2 2H(-4)=-2 | (2)+H(6)=4

6 + (-2)(-)=4

-4 2-(-4)=6
|| 3] +(3+))=6

(2)-( 6)=-8

| -(3+)=-2)

6 - (-2))(-))=8

4x*2)=-8

Find the IDFT for the sequence X(k)={2,3+j,-4,3-j}

Xiky=12.3%75 431
x{n) = §1,1,— 22}
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TUTIOZ

Thank You!
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