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Experiment: 1

Computation of N-Point DFT
using DIT method

Scilab code Solution 1.0 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // Let N=4
7 //We w i l l compute f o u r po i n t DFT f o r x ( n ) ={5 ,6 ,7 ,8}

u s i n g Dec imat ion i n Time−Fast
8 // Fou r i e r t r an s f o rm ( i . e . DIT−FFT )
9 // Let us beg in with the programming . For

under s tand ing , l e t us w r i t e the g i v en
10 // data as
11 //x ( 0 ) =5;x ( 1 ) =6 ,x ( 2 ) =7 ,x ( 3 )=8
12 x0=5;

13 x2=7;

14 x1=6;

15 x3=8;

16

17 X0=(x2+x0)*(1)+(x3+x1)*(1)
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18 disp(X0, ’X( 0 )= ’ )
19

20 X1=(x3-x1)*(-1)*(-sqrt(-1))+(x2-x0)*(-1);

21 disp(X1, ’X( 1 )= ’ )
22

23 X2=((x3+x1)*(1) -(x2+x0)*(1))*(-1);

24 disp(X2, ’X( 2 )= ’ )
25

26 X3=((x3-x1)*(-1)*(-sqrt(-1)) -(x2 -x0)*(-1))*(-1);

27 disp(X3, ’X( 3 )= ’ )
28

29 disp({X0,X1,X2 ,X3}, ’ So , the DFT o f x ( n ) u s i n g
Decimation−in−Time Fast Fou r i e r Transform (DIT−FFT
) i s X( k )= ’ )

30

31 // Expected output :X( k )={26,−2+2 i ,−2,−2−2 i }

Scilab code Solution 1.1 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={1 ,2 , 3 , 4 , 5 , 6} u s i n g DIT

7 // ( S p l i t r a d i x ) method f o r N=6(2∗3)
8 x0=1; //DIT−FFT, so a r r an g i n g the input i n s h u f f l e d

o rd e r
9 x2=3; //DIT−FFT, so a r r an g i n g the input i n dec imated

o rd e r
10 x4=5; //DIT−FFT, so a r r an g i n g the input i n dec imated

o rd e r
11 x1=2; //DIT−FFT, so a r r an g i n g the input i n dec imated

o rd e r
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12 x3=4; //DIT−FFT, so a r r an g i n g the input i n dec imated
o rd e r

13 x5=6; //DIT−FFT, so a r r an g i n g the input i n dec imated
o rd e r

14

15 // Twiddle f a c t o r s
16 W0=cos (((2* %pi)/6) *0)-sqrt(-1)*sin (((2* %pi)/6)*0)

17 W1=cos (((2* %pi)/6) *1)-sqrt(-1)*sin (((2* %pi)/6)*1)

18 W2=cos (((2* %pi)/6) *2)-sqrt(-1)*sin (((2* %pi)/6)*2)

19 W3=cos (((2* %pi)/6) *3)-sqrt(-1)*sin (((2* %pi)/6)*3)

20 W4=cos (((2* %pi)/6) *4)-sqrt(-1)*sin (((2* %pi)/6)*4)

21 W5=cos (((2* %pi)/6) *5)-sqrt(-1)*sin (((2* %pi)/6)*5)

22 W6=cos (((2* %pi)/6) *6)-sqrt(-1)*sin (((2* %pi)/6)*6)

23

24 // Stage 1 computat ion
25 X0a=x0+x2+x4

26 X1b=x0+x2*W2+x4*W4;// at l i n e 2 x2 and x4 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r o f W2 and W4
r e s p e c t i v e l y

27 X2c=x0+x2*W4+x4*W2;// at l i n e 3 x2 and x4 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r o f W4 and W2
r e s p e c t i v e l y

28 X3d=x1+x3+x5

29 X4e=x1+x3*W2+x5*W4;// at l i n e 5 x3 and x5 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r o f W2 and W4
r e s p e c t i v e l y

30 X5f=x1+x3*W4+x5*W2;// at l i n e 6 x2 and x4 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r o f W4 and W2
r e s p e c t i v e l y

31

32 // Stage 2 computat ion
33 X0=X0a+X3d

34 X1=X1b+X4e*W1;// at l i n e 2 X4e i s to be mu l t i p l i e d by
f a c t o r W1

35 X2=X2c+X5f*W2;// at l i n e 3 X5f i s to be mu l t i p l i e d by
f a c t o r W2

36 X3=X0a+X3d*W3;// at l i n e 4 X3d i s to be mu l t i p l i e d by
f a c t o r W3
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37 X4=X1b+X4e*W4;// at l i n e 5 X4e i s to be mu l t i p l i e d by
f a c t o r W4

38 X5=X2c+X5f*W5;// at l i n e 6 X5f i s to be mu l t i p l i e d by
f a c t o r W5

39

40 // d i s p l a y i n g the output
41 disp(X0,”X0=”)
42 disp(X1,”X1=”)
43 disp(X2,”X2=”)
44 disp(X3,”X3=”)
45 disp(X4,”X4=”)
46 disp(X5,”X5=”)
47 disp({X0,X1,X2 ,X3,X4,X5}, ’ So , the DFT o f x ( n ) u s i n g

Decimation−in−Frequency Fast Fou r i e r Transform (
DIF−FFT) i s X( k )= ’ )

48

49 // Expected output :X( k ) ={21 ,−3+5.1961524 i
, −3+1.7320508 i ,−3 ,−3−1.7320508 i ,−3− 5 . 1961524 i }

Scilab code Solution 1.2 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={1 ,2 , 3 , 4 , 5 , 6} u s i n g DIT

7 // ( S p l i t r a d i x ) method f o r N=6(3∗2)
8 x0=1; //DIT−FFT, so a r r an g i n g the input i n dec imated

o rd e r
9 x3=4; //DIT−FFT, so a r r an g i n g the input i n dec imated

o rd e r
10 x1=2; //DIT−FFT, so a r r an g i n g the input i n dec imated

o rd e r
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11 x4=5; //DIT−FFT, so a r r an g i n g the input i n dec imated
o rd e r

12 x2=3; //DIT−FFT, so a r r an g i n g the input i n dec imated
o rd e r

13 x5=6; //DIT−FFT, so a r r an g i n g the input i n dec imated
o rd e r

14

15 // Twiddle f a c t o r s
16 W0=cos (((2* %pi)/6) *0)-sqrt(-1)*sin (((2* %pi)/6)*0)

17 W1=cos (((2* %pi)/6) *1)-sqrt(-1)*sin (((2* %pi)/6)*1)

18 W2=cos (((2* %pi)/6) *2)-sqrt(-1)*sin (((2* %pi)/6)*2)

19 W3=cos (((2* %pi)/6) *3)-sqrt(-1)*sin (((2* %pi)/6)*3)

20 W4=cos (((2* %pi)/6) *4)-sqrt(-1)*sin (((2* %pi)/6)*4)

21 W5=cos (((2* %pi)/6) *5)-sqrt(-1)*sin (((2* %pi)/6)*5)

22 W6=cos (((2* %pi)/6) *6)-sqrt(-1)*sin (((2* %pi)/6)*6)

23 // Stage 1 computat ion
24 X0a=x0+x3

25 X1b=x0+x3*W3;// at l i n e 2 x3 i s to be mu l t i p l i e d by
tw i dd l e f a c t o r o f W3

26 X2c=x1+x4;

27 X3d=x1+x4*W3;// at l i n e 4 x4 i s to be mu l t i p l i e d by
tw i dd l e f a c t o r o f W3

28 X4e=x2+x5;

29 X5f=x2+x5*W3;// at l i n e 6 x5 i s to be mu l t i p l i e d by
tw i dd l e f a c t o r o f W3

30

31 // Stage 2 computat ion
32 X0=X0a+X2c+X4e;

33 X1=X1b+X3d*W1+X5f*W2;// at l i n e 2 X3d and X5f a r e to
be mu l t i p l i e d by f a c t o r W1 and W2 r e s p e c t i v e l y

34 X2=X0a+X2c*W2+X4e*W4;// at l i n e 3 X2c and X4e a r e to
be mu l t i p l i e d by f a c t o r W2 and W4 r e s p e c t i v e l y

35 X3=X1b+X3d*W3+X5f;// at l i n e 4 X3d and X5f a r e to be
mu l t i p l i e d by f a c t o r W3 r e s p e c t i v e l y

36 X4=X0a+X2c*W4+X4e*W2;// at l i n e 5 X2c and X4e a r e to
be mu l t i p l i e d by f a c t o r W4 and W2 r e s p e c t i v e l y

37 X5=X1b+X3d*W5+X5f*W4;// at l i n e 6 X3d and X5f a r e to
be mu l t i p l i e d by f a c t o r W5 and W4 r e s p e c t i v e l y
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38

39 // d i s p l a y i n g the output
40 disp(X0,”X0=”)
41 disp(X1,”X1=”)
42 disp(X2,”X2=”)
43 disp(X3,”X3=”)
44 disp(X4,”X4=”)
45 disp(X5,”X5=”)
46 disp({X0,X1,X2 ,X3,X4,X5}, ’ So , the DFT o f x ( n ) u s i n g

Decimation−in−Frequency Fast Fou r i e r Transform (
DIF−FFT) i s X( k )= ’ )

47 // Expected output :X( k ) ={21 ,−3+5.1961524 i
, −3+1.7320508 i ,−3 ,−3−1.7320508 i ,−3−5.1961524 i }

Scilab code Solution 1.3 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
= { 0 , 0 . 2 5 , 0 . 5 , 0 . 7 5 , 1 , 0 . 7 5 , 0 . 5 , 0 . 2 5 , 0 }

7 // u s i n g DIT( S p l i t r a d i x ) method f o r N=9(3∗3)
8 // Let us beg in with the programming . For

under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =0;x ( 1 ) =0.25 , x ( 2 ) =0.5 , x ( 3 ) =0.75 , x ( 4 ) =1 ,x ( 5 )

=0.75 , x ( 6 ) =0.5 , x ( 7 ) =0.25 , x ( 8 )=0
10 x0=0;

11 x3 =0.75;

12 x6=0.5;

13 x1 =0.25;

14 x4=1;

15 x7 =0.25;

16 x2=0.5;
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17 x5 =0.75;

18 x8=0;

19 W0=cos ((2* %pi/9)*0) -(sqrt(-1))*sin ((2* %pi /9)*0)

20 disp(W0, ’W0= ’ )
21 W1=cos ((2* %pi/9)*1) -(sqrt(-1))*sin ((2* %pi /9)*1)

22 disp(W1, ’W1= ’ )
23 W2=cos ((2* %pi/9)*2) -(sqrt(-1))*sin ((2* %pi /9)*2)

24 disp(W2, ’W2= ’ )
25 W3=cos ((2* %pi/9)*3) -(sqrt(-1))*sin ((2* %pi /9)*3)

26 disp(W3, ’W3= ’ )
27 W4=cos ((2* %pi/9)*4) -(sqrt(-1))*sin ((2* %pi /9)*4)

28 disp(W4, ’W4= ’ )
29 W5=cos ((2* %pi/9)*5) -(sqrt(-1))*sin ((2* %pi /9)*5)

30 disp(W5, ’W5= ’ )
31 W6=cos ((2* %pi/9)*6) -(sqrt(-1))*sin ((2* %pi /9)*6)

32 disp(W6, ’W6= ’ )
33 W7=cos ((2* %pi/9)*7) -(sqrt(-1))*sin ((2* %pi /9)*7)

34 disp(W7, ’W7= ’ )
35 W8=cos ((2* %pi/9)*8) -(sqrt(-1))*sin ((2* %pi /9)*8)

36 disp(W8, ’W8= ’ )
37 // Stage I computat ion
38 X0a=x0+x3+x6;

39 disp(X0a , ’ Stage−I output at l i n e 1= ’ )
40 X3b=x0+x3*W3+x6*W6;// at l i n e 2 x3 , x6 a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

41 disp(X3b , ’ Stage−I output at l i n e 2= ’ )
42 X6c=x0+x3*W6+x6*W3;// at l i n e 3 x3 , x6 a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W6 and W3
r e s p e c t i v e l y

43 disp(X6c , ’ Stage−I output at l i n e 3= ’ )
44 X1d=x1+x4+x7;

45 disp(X1d , ’ Stage−I output at l i n e 4= ’ )
46 X4e=x1+x4*W3+x7*W6;// at l i n e 4 x3 , x6 a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

47 disp(X4e , ’ Stage−I output at l i n e 5= ’ )
48 X7f=x1+x4*W6+x7*W3;// at l i n e 2 x3 , x6 a r e to be
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mu l t i p l i e d by tw i dd l e f a c t o r W6 and W3
r e s p e c t i v e l y

49 disp(X7f , ’ Stage−I output at l i n e 6= ’ )
50 X2g=x2+x5+x8;

51 disp(X2g , ’ Stage−I output at l i n e 7= ’ )
52 X5h=x2+x5*W3+x8*W6;// at l i n e 2 x3 , x6 a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

53 disp(X5h , ’ Stage−I output at l i n e 8= ’ )
54 X8i=x2+x5*W6+x8*W3;// at l i n e 2 x3 , x6 a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W6 and W3
r e s p e c t i v e l y

55 disp(X8i , ’ Stage−I output at l i n e 9= ’ )
56

57 // Stage I I computat ion
58 X0=X0a+X1d+X2g;

59 disp(X0, ’ Stage−I I output at l i n e 1= ’ )
60 X1=X3b+X4e*W1+X5h*W2;// at l i n e 2 X4e , X5h a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W1 and W2
r e s p e c t i v e l y

61 disp(X1, ’ Stage−I I output at l i n e 2= ’ )
62 X2=X6c+X7f*W2+X8i*W4;// at l i n e 2 X7f , X8i a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W2 and W4
r e s p e c t i v e l y

63 disp(X2, ’ Stage−I I output at l i n e 3= ’ )
64 X3=X0a+X1d*W3+X2g*W6;// at l i n e 2 X1d , X2g a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

65 disp(X3, ’ Stage−I I output at l i n e 4= ’ )
66 X4=X3b+X4e*W4+X5h*W8;// at l i n e 2 X4e , X5h a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W4 and W8
r e s p e c t i v e l y

67 disp(X4, ’ Stage−I I output at l i n e 5= ’ )
68 X5=X6c+X7f*W5+X8i*W1;// at l i n e 2 X7f , X8i a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W5 and W10
r e s p e c t i v e l y

69 disp(X5, ’ Stage−I I output at l i n e 6= ’ )
70 X6=X0a+X1d*W6+X2g*W3;// at l i n e 2 X1d , X2g a r e to be
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mu l t i p l i e d by tw i dd l e f a c t o r W6 and W3
r e s p e c t i v e l y

71 disp(X6, ’ Stage−I I output at l i n e 7= ’ )
72 X7=X3b+X4e*W7+X5h*W5;// at l i n e 2 X4e , X5h a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W7 and W5
r e s p e c t i v e l y

73 disp(X7, ’ Stage−I I output at l i n e 8= ’ )
74 X8=X6c+X7f*W8+X8i*W7;// at l i n e 2 X7f , X8i a r e to be

mu l t i p l i e d by tw i dd l e f a c t o r W8 and W7
r e s p e c t i v e l y

75 disp(X8, ’ Stage−I I output at l i n e 9= ’ )
76 disp({X0,X1,X2 ,X3,X4,X5,X6 ,X7,X8}, ’ So , the DFT o f x ( n

) u s i n g Decimation−in−Time Fast Fou r i e r Transform
(DIT−FFT) i s X( k )= ’ )

77

78 // Expected output :{4 , −1 .9477148 −0 .7089102 i
, 0 . 0 542204+0 . 0454963 i , −0.125 −0.2165064 i
, 0 . 0 184945+0 . 1048875 i ,

79 // 0 .0184945 −0 .1048875 i , −0 .125+0.2165064 i
, 0 . 0542204 −0 . 0454963 i , −1 .9477148+0.7089102 i }

Scilab code Solution 1.4 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1}

7 // u s i n g DIT( S p l i t r a d i x ) method f o r N=12(3∗4)
8 // Let us beg in with the programming . For

under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =0 ,x ( 1 ) =1 ,x ( 2 ) =2 ,x ( 3 ) =3 ,x ( 4 ) =4 ,x ( 5 ) =5 ,x ( 6 ) =6 ,x

( 7 ) =7 ,x ( 8 ) =8 ,x ( 9 ) =9 ,x ( 1 0 ) =10 ,x ( 1 1 )=11
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10 x0=0; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

11 x4=4; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

12 x8=8; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

13 x1=1; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

14 x5=5; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

15 x9=9; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

16 x2=2; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

17 x6=6; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

18 x10 =10; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

19 x3=3; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

20 x7=7; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

21 x11 =11; //DIT−FFT; so a r r an g i n g the input i n s h u f f l e d
o rd e r

22

23 // Twiddle f a c t o r s
24 W0=cos (((2* %pi)/12) *0)-sqrt(-1)*sin (((2* %pi)/12) *0)

25 W1=cos (((2* %pi)/12) *1)-sqrt(-1)*sin (((2* %pi)/12) *1)

26 W2=cos (((2* %pi)/12) *2)-sqrt(-1)*sin (((2* %pi)/12) *2)

27 W3=cos (((2* %pi)/12) *3)-sqrt(-1)*sin (((2* %pi)/12) *3)

28 W4=cos (((2* %pi)/12) *4)-sqrt(-1)*sin (((2* %pi)/12) *4)

29 W5=cos (((2* %pi)/12) *5)-sqrt(-1)*sin (((2* %pi)/12) *5)

30 W6=cos (((2* %pi)/12) *6)-sqrt(-1)*sin (((2* %pi)/12) *6)

31 W7=cos (((2* %pi)/12) *7)-sqrt(-1)*sin (((2* %pi)/12) *7)

32 W8=cos (((2* %pi)/12) *8)-sqrt(-1)*sin (((2* %pi)/12) *8)

33 W9=cos (((2* %pi)/12) *9)-sqrt(-1)*sin (((2* %pi)/12) *9)

34 W10=cos (((2* %pi)/12) *10)-sqrt(-1)*sin (((2* %pi)/12)

*10)
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35 W11=cos (((2* %pi)/12) *11)-sqrt(-1)*sin (((2* %pi)/12)

*11)

36

37 // F i r s t s t a g e
38 X0a=x0+x3+x6+x9;

39 X1b=x0+x3*W3+x6*W6+x9*W9; //At l i n e 2 ; x3 , x6 and x9
a r e to be mu l t i p l i e d by f a c t o r W3,W6 and W9
r e s p e c t i v e l y

40 X2c=x0+x3*W6+x6*1+x9*W6; //At l i n e 3 ; x3 , x6 and x9
a r e to be mu l t i p l i e d by f a c t o r W6,W12=1 and W6
r e s p e c t i v e l y

41 X3d=x0+x3*W9+x6*W6+x9*W3;//At l i n e 4 ; x3 , x6 and x9
a r e to be mu l t i p l i e d by f a c t o r W9,W6 and W3
r e s p e c t i v e l y

42 X4e=x1+x4+x7+x10;

43 X5f=x1+x4*W3+x7*W6+x10*W9; //At l i n e 6 ; x4 , x7 and
x10 a r e to be mu l t i p l i e d by f a c t o r W3,W6 and W9
r e s p e c t i v e l y

44 X6g=x1+x4*W6+x7*1+x10*W6; //At l i n e 7 ; x4 , x7 and x10
a r e to be mu l t i p l i e d by f a c t o r W6,W12=1 and W6

r e s p e c t i v e l y
45 X7h=x1+x4*W9+x7*W6+x10*W3;//At l i n e 8 ; x4 , x7 and x10

a r e to be mu l t i p l i e d by f a c t o r W9,W6 and W3
r e s p e c t i v e l y

46 X8i=x2+x5+x8+x11;

47 X9j=x2+x5*W3+x8*W6+x11*W9; //At l i n e 1 0 ; x5 , x8 and
x11 a r e to be mu l t i p l i e d by f a c t o r W3,W6 and W9
r e s p e c t i v e l y

48 X10k=x2+x5*W6+x8*1+x11*W6; //At l i n e 1 1 ; x5 , x8 and
x11 a r e to be mu l t i p l i e d by f a c t o r W6,W12=1 and
W6 r e s p e c t i v e l y

49 X11l=x2+x5*W9+x8*W6+x11*W3;//At l i n e 1 2 ; x5 , x8 and
x11 a r e to be mu l t i p l i e d by f a c t o r W9,W6 and W3
r e s p e c t i v e l y

50

51 // Second s t a g e
52 X0=X0a+X4e+X8i;

53 X1=X1b+X5f*W1+X9j*W2;//At l i n e 2 ; X5f and X9j a r e to
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be mu l t i p l i e d by tw i dd l e f a c t o r W1 and W2
r e s p e c t i v e l y

54 X2=X2c+X6g*W2+X10k*W4;//At l i n e 3 ; X6g and X10k a r e
to be mu l t i p l i e d by tw i dd l e f a c t o r W2 and W4
r e s p e c t i v e l y

55 X3=X3d+X7h*W3+X11l*W6;//At l i n e 4 ; X7h and X11l a r e
to be mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

56 X4=X0a+X4e*W4+X8i*W8;//At l i n e 5 ; X4e and X8i a r e to
be mu l t i p l i e d by tw i dd l e f a c t o r W4 and W8

r e s p e c t i v e l y
57 X5=X1b+X5f*W5+X9j*W10;//At l i n e 6 ; X5f and X9j a r e

to be mu l t i p l i e d by tw i dd l e f a c t o r W5 and W10
r e s p e c t i v e l y

58 X6=X2c+X6g*W6+X10k *1; //At l i n e 7 ; X6g and X10k a r e
to be mu l t i p l i e d by tw i dd l e f a c t o r W6 and W12=1
r e s p e c t i v e l y

59 X7=X3d+X7h*W7+X11l*W2;//At l i n e 8 ; X7h and X11l a r e
to be mu l t i p l i e d by tw i dd l e f a c t o r W7 and W2
r e s p e c t i v e l y

60 X8=X0a+X4e*W8+X8i*W4;//At l i n e 9 ; X4e and X8i a r e to
be mu l t i p l i e d by tw i dd l e f a c t o r W8 and W4

r e s p e c t i v e l y
61 X9=X1b+X5f*W9+X9j*W6;//At l i n e 1 0 ; X5f and X9j a r e to

be mu l t i p l i e d by tw i dd l e f a c t o r W9 and W6
r e s p e c t i v e l y

62 X10=X2c+X6g*W10+X10k*W8;//At l i n e 1 1 ; X6g and X10k
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W10 and W8
r e s p e c t i v e l y

63 X11=X3d+X7h*W11+X11l*W10;//At l i n e 1 2 ; X7h and X11l
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W11 and
W10 r e s p e c t i v e l y y

64

65 //Output
66 disp(X0)

67 disp(X1)

68 disp(X2)

69 disp(X3)
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70 disp(X4)

71 disp(X5)

72 disp(X6)

73 disp(X7)

74 disp(X8)

75 disp(X9)

76 disp(X10)

77 disp(X11)

78 disp({X0,X1,X2 ,X3,X4,X5,X6 ,X7,X8,X9 ,X10 ,X11}, ’ So , the
DFT o f x ( n ) u s i n g DecimAtion−in−Time Fast
Fou r i e r Transform (DIT−FFT) i s X( k )= ’ )

79

80 // Expected output :X( k ) ={66 ,−6+22.392305 i
, −6+10.392305 i ,−6+6 i , −6+3.4641016 i ,

81 // −6+1.6076952 i ,−6−9.797D−16 i ,−6−1.6076952 i
,−6−3.4641016 i ,−6−6 i ,−6−10.392305 i ,−6−22.392305 i }

Scilab code Solution 1.5 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1}

7 // u s i n g DIT( S p l i t r a d i x ) method f o r N=12(4∗3)
8 // For under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =0 ,x ( 1 ) =1 ,x ( 2 ) =2 ,x ( 3 ) =3 ,x ( 4 ) =4 ,x ( 5 ) =5 ,x ( 6 ) =6 ,x

( 7 ) =7 ,x ( 8 ) =8 ,x ( 9 ) =9 ,x ( 1 0 ) =10 ,x ( 1 1 )=11
10 x0=0; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
11 x4=4; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
12 x8=8; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
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o rd e r
13 x1=1; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
14 x5=5; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
15 x9=9; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
16 x2=2; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
17 x6=6; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
18 x10 =10; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
19 x3=3; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
20 x7=7; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
21 x11 =11; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d

o rd e r
22

23

24 // tw i dd l e f a c t o r s
25 W0=cos (((2* %pi)/12) *0)-sqrt(-1)*sin (((2* %pi)/12) *0)

26 W1=cos (((2* %pi)/12) *1)-sqrt(-1)*sin (((2* %pi)/12) *1)

27 W2=cos (((2* %pi)/12) *2)-sqrt(-1)*sin (((2* %pi)/12) *2)

28 W3=cos (((2* %pi)/12) *3)-sqrt(-1)*sin (((2* %pi)/12) *3)

29 W4=cos (((2* %pi)/12) *4)-sqrt(-1)*sin (((2* %pi)/12) *4)

30 W5=cos (((2* %pi)/12) *5)-sqrt(-1)*sin (((2* %pi)/12) *5)

31 W6=cos (((2* %pi)/12) *6)-sqrt(-1)*sin (((2* %pi)/12) *6)

32 W7=cos (((2* %pi)/12) *7)-sqrt(-1)*sin (((2* %pi)/12) *7)

33 W8=cos (((2* %pi)/12) *8)-sqrt(-1)*sin (((2* %pi)/12) *8)

34 W9=cos (((2* %pi)/12) *9)-sqrt(-1)*sin (((2* %pi)/12) *9)

35 W10=cos (((2* %pi)/12) *10)-sqrt(-1)*sin (((2* %pi)/12)

*10)

36 W11=cos (((2* %pi)/12) *11)-sqrt(-1)*sin (((2* %pi)/12)

*11)

37

38
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39 // f i r s t s t a g e
40 X0a=x0+x4+x8;

41 X1b=x0+x4*W4+x8*W8; //At l i n e 2 ; x4 and x8 , a r e to
be mu l t i p l i e d by f a c t o r W4 and W8 r e s p e c t i v e l y

42 X2c=x0+x4*W8+x8*W4; //At l i n e 3 ; x4 and x8 a r e to be
mu l t i p l i e d by f a c t o r W8 and W4 r e s p e c t i v e l y

43 X3d=x1+x5+x9;

44 X4e=x1+x5*W4+x9*W8; //At l i n e 5 ; x5 and x9 a r e to be
mu l t i p l i e d by f a c t o r W4 and W8 r e s p e c t i v e l y

45 X5f=x1+x5*W8+x9*W4; //At l i n e 6 ; x5 and x9 a r e to be
mu l t i p l i e d by f a c t o r W8 and W4 r e s p e c t i v e l y

46 X6g=x2+x6+x10;

47 X7h=x2+x6*W4+x10*W8; // At l i n e 8 ; x6 and x10 a r e to
be mu l t i p l i e d by f a c t o r W4 and W8 r e s p e c t i v e l y

48 X8i=x2+x6*W8+x10*W4; //At l i n e 9 ; x6 and x10 a r e to
be mu l t i p l i e d by f a c t o r W8 and W4 r e s p e c t i v e l y

49 X9j=x3+x7+x11;

50 X10k=x3+x7*W4+x11*W8; //At l i n e 1 1 ; x7 and x11 a r e
to be mu l t i p l i e d by f a c t o r W8 and W4 r e s p e c t i v e l y

51 X11l=x3+x7*W8+x11*W4; //At l i n e 1 2 ; x7 and x11 a r e
to be mu l t i p l i e d by f a c t o r W8 and W4 r e s p e c t i v e l y

52

53 // second s t a g e
54 X0=X0a+X3d+X6g+X9j;

55 X1=X1b+X4e*W1+X7h*W2+X10k*W3;//At l i n e 2 ; X4e , X7h
and X10k a r e to be mu l t i p l i e d by tw i dd l e f a c t o r
W1, W2 and W3 r e s p e c t i v e l y

56 X2=X2c+X5f*W2+X8i*W4+X11l*W6;//At l i n e 3 ; X5f , X8i
and X11l a r e to be mu l t i p l i e d by tw i dd l e f a c t o r
W2,W4 and W6 r e s p e c t i v e l y

57 X3=X0a+X3d*W3+X6g*W6+X9j*W9;//At l i n e 4 ; X3d , X6g and
X9j a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W3,

W6 and W9 r e s p e c t i v e l y
58 X4=X1b+X4e*W4+X7h*W8+X10k *1; //At l i n e 5 ; X4e , X7h and

X10k a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W4,
W8 and W12=1 r e s p e c t i v e l y

59 X5=X2c+X5f*W5+X8i*W10+X11l*W3;//At l i n e 6 ; X5f , X8i
and X11l a r e to be mu l t i p l i e d by tw i dd l e f a c t o r
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W5,W10 and W11 r e s p e c t i v e l y
60 X6=X0a+X3d*W6+X6g*1+ X9j*W6;//At l i n e 7 ; X3d , X6g and

X9j a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W6,
W12=1 and W6 r e s p e c t i v e l y

61 X7=X1b+X4e*W7+X7h*W2+X10k*W9;//At l i n e 8 ; X4e , X7h
and X10k a r e to be mu l t i p l i e d by tw i dd l e f a c t o r
W7, W2 and W9 r e s p e c t i v e l y

62 X8=X2c+X5f*W8+X8i*W4+X11l *1; //At l i n e 9 ; X5f , X8i and
X11l a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W8,

W4 and W11 r e s p e c t i v e l y
63 X9=X0a+X3d*W9+X6g*W6+X9j*W3;//At l i n e 1 0 ; X3d , X6g

and X9j a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W9
, W6 & W3 r e s p e c t i v e l y

64 X10=X1b+X4e*W10+X7h*W8+X10k*W6;//At l i n e 1 1 ; X4e , X7h
and X10k a r e to be mu l t i p l i e d by tw i dd l e f a c t o r

W10, W8 & W6 r e s p e c t i v e l y
65 X11=X2c+X5f*W11+X8i*W10+X11l*W9;//At l i n e 1 2 ; X5f ,

X8i and X11l a r e to be mu l t i p l i e d by tw i dd l e
f a c t o r W11,W10 & W9 r e s p e c t i v e l y

66

67 //Output
68 disp(X0)

69 disp(X1)

70 disp(X2)

71 disp(X3)

72 disp(X4)

73 disp(X5)

74 disp(X6)

75 disp(X7)

76 disp(X8)

77 disp(X9)

78 disp(X10)

79 disp(X11)

80 disp({X0,X1,X2 ,X3 ,X4,X5,X6 ,X7,X8,X9 ,X10 ,X11}, ’ So , the
DFT o f x ( n ) u s i n g Decimation−in−Time Fast
Fou r i e r Transform (DIT−FFT) i s X( k )= ’ )

81

82 // Expected output :X( k ) ={66 ,−6+22.392305 i
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, −6+10.392305 i ,−6+6 i , −6+3.4641016 i , −6+1.6076952 i
,−6−4.409D−15 i ,

83 // −6−1.6076952 i ,−6−3.4641016 i ,−6−6 i ,−6−10.392305 i
,−6−22.392305 i }

Scilab code Solution 1.6 Experiment Number 1

1 //AIM: Computation o f N−Point DFT us i ng DIT method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={0 , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 1 0 , 1 1 , 1 2 , 1 3 , 1 4 , 1 5}

7 // u s i n g DIT( S p l i t r a d i x ) method f o r N=16(4∗4)
8 // For under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =0 ,x ( 1 ) =1 ,x ( 2 ) =2 ,x ( 3 ) =3 ,x ( 4 ) =4 ,x ( 5 ) =5 ,x ( 6 ) =6 ,x

( 7 ) =7 ,x ( 8 ) =8 ,x ( 9 ) =9 ,x ( 1 0 ) =10 ,x ( 1 1 ) =11 ,x ( 1 2 ) =12 ,x
( 1 3 ) =13 ,x ( 1 4 ) =14 ,x ( 1 5 )=15

10 x0=0; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

11 x4=4; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

12 x8=8; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

13 x12 =12; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

14 x1=1; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

15 x5=5; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

16 x9=9; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

17 x13 =13; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r
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18 x2=2; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

19 x6=6; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

20 x10 =10; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

21 x14 =14; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

22 x3=3; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

23 x7=7; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

24 x11 =11; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

25 x15 =15; //DIT−FFT so a r r an g i n g the input i n s h u f f l e d
o rd e r

26

27 //Computing the Twiddle f a c t o r s
28 W0=cos (((2* %pi)/16) *0)-sqrt(-1)*sin (((2* %pi)/16) *0)

29 W1=cos (((2* %pi)/16) *1)-sqrt(-1)*sin (((2* %pi)/16) *1)

30 W2=cos (((2* %pi)/16) *2)-sqrt(-1)*sin (((2* %pi)/16) *2)

31 W3=cos (((2* %pi)/16) *3)-sqrt(-1)*sin (((2* %pi)/16) *3)

32 W4=cos (((2* %pi)/16) *4)-sqrt(-1)*sin (((2* %pi)/16) *4)

33 W5=cos (((2* %pi)/16) *5)-sqrt(-1)*sin (((2* %pi)/16) *5)

34 W6=cos (((2* %pi)/16) *6)-sqrt(-1)*sin (((2* %pi)/16) *6)

35 W7=cos (((2* %pi)/16) *7)-sqrt(-1)*sin (((2* %pi)/16) *7)

36 W8=cos (((2* %pi)/16) *8)-sqrt(-1)*sin (((2* %pi)/16) *8)

37 W9=cos (((2* %pi)/16) *9)-sqrt(-1)*sin (((2* %pi)/16) *9)

38 W10=cos (((2* %pi)/16) *10)-sqrt(-1)*sin (((2* %pi)/16)

*10)

39 W11=cos (((2* %pi)/16) *11)-sqrt(-1)*sin (((2* %pi)/16)

*11)

40 W12=cos (((2* %pi)/16) *12)-sqrt(-1)*sin (((2* %pi)/16)

*12)

41 W13=cos (((2* %pi)/16) *13)-sqrt(-1)*sin (((2* %pi)/16)

*13)

42 W14=cos (((2* %pi)/16) *14)-sqrt(-1)*sin (((2* %pi)/16)

*14)
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43 W15=cos (((2* %pi)/16) *15)-sqrt(-1)*sin (((2* %pi)/16)

*15)

44

45 // F i r s t s t a g e
46 X0a=x0+x4+x8+x12

47 X1b=x0+x4*W4+x8*W8+x12*W12; // at l i n e 2 ; x4 , x8 &
x12 a r e to be mu l t i p l i e d by f a c t o r W4, W8 and W12
r e s p e c t i v e l y

48 X2c=x0+x4*W8+x8*1+x12*W8; // at l i n e 3 ; x4 , x8 & x12
a r e to be mu l t i p l i e d by f a c t o r W8, W16=1 ,and W8
r e s p e c t i v e l y

49 X3d=x0+x4*W12+x8*W8+x12*W4;// at l i n e 4 ; x4 , x8 &
x12 a r e to be mu l t i p l i e d by f a c t o r W12, W8 and W4
r e s p e c t i v e l y

50 X4e=x1+x5+x9+x13

51 X5f=x1+x5*W4+x9*W8+x13*W12; // at l i n e 6 ; x5 , x9 &
x13 a r e to be mu l t i p l i e d by f a c t o r W4, W8 and W12
r e s p e c t i v e l y

52 X6g=x1+x5*W8+x9*1+x13*W8; // at l i n e 7 ; x5 , x9 & x13
a r e to be mu l t i p l i e d by f a c t o r W8, W16=1 ,and W8
r e s p e c t i v e l y

53 X7h=x1+x5*W12+x9*W8+x13*W4; // at l i n e 8 ; x5 , x9 &
x13 a r e to be mu l t i p l i e d by f a c t o r W12, W8 and W4
r e s p e c t i v e l y

54 X8i=x2+x6+x10+x14

55 X9j=x2+x6*W4+x10*W8+x14*W12; // at l i n e 1 0 ; x6 , x10 &
x14 a r e to be mu l t i p l i e d by f a c t o r W4, W8 and

W12 r e s p e c t i v e l y
56 X10k=x2+x6*W8+x10*1+x14*W8; // at l i n e 1 1 ; x6 , x10 &

x14 a r e to be mu l t i p l i e d by f a c t o r W8, W16=1 ,and
W8 r e s p e c t i v e l y

57 X11m=x2+x6*W12+x10*W8+x14*W4; // at l i n e 1 2 ; x6 , x10
& x14 a r e to be mu l t i p l i e d by f a c t o r W12, W8 and
W4 r e s p e c t i v e l y

58 X12n=x3+x7+x11+x15;

59 X13o=x3+x7*W4+x11*W8+x15*W12; // at l i n e 1 4 ; x7 , x11
& x15 a r e to be mu l t i p l i e d by f a c t o r W4, W8 and
W12 r e s p e c t i v e l y
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60 X14p=x3+x7*W8+x11*1+x15*W8; // at l i n e 1 5 ; x7 , x11 &
x1 a r e to be mu l t i p l i e d by f a c t o r W8, W16=1 ,and
W8 r e s p e c t i v e l y

61 X15q=x3+x7*W12+x11*W8+x15*W4; // at l i n e 1 6 ; x7 , x11
& x15 a r e to be mu l t i p l i e d by f a c t o r W12, W8 and
W4 r e s p e c t i v e l y

62

63 // Second s t a g e
64 X0=X0a+X4e+X8i+X12n

65 X1=X1b+X5f*W1+X9j*W2+X13o*W3; // at l i n e 2 ; X5f , x9 j
and X13o a r e to be mu l t i p l i e d by f a c t o r W1 W2

and W3 r e s p e c t i v e l y
66 X2=X2c+X6g*W2+X10k*W4+X14p*W6; // at l i n e 3 ; X6g ,

X10k and X14p a r e to be mu l t i p l i e d by f a c t o r W2,
W4 and W6 r e s p e c t i v e l y

67 X3=X3d+X7h*W3+X11m*W6+X15q*W9; // at l i n e 4 ; X7h ,
X11m , and X15q a r e to be mu l t i p l e d by f a c t o r W3,
W6 and W9 r e s p e c t i v e l y

68 X4=X0a+X4e*W4+X8i*W8+X12n*W12; // at l i n e 5 ; X4e ,
X8i and X12n a r e to be mu l t i p l i e d by f a c t o r W4,
W8 and W12 r e s p e c t i v e l y

69 X5=X1b+X5f*W5+X9j*W10+X13o*W15; // at l i n e 6 ; X5f ,
x9 j and X13o a r e to be mu l t i p l i e d by f a c t o r W5
W10 and W15 r e s p e c t i v e l y

70 X6=X2c+X6g*W6+X10k*W12+X14p*W2; // at l i n e 7 ; X6g ,
X10k and X14p a r e to be mu l t i p l i e d by f a c t o r W6,
W12 and W2 r e s p e c t i v e l y

71 X7=X3d+X7h*W7+X11m*W14+X15q*W5; // at l i n e 8 ; X7h ,
X11m , and X15q a r e to be mu l t i p l e d by f a c t o r W7,
W14 and W5 r e s p e c t i v e l y

72 X8=X0a+X4e*W8+X8i*1+ X12n*W8; // at l i n e 9 ; X4e , X8i
and X12n a r e to be mu l t i p l i e d by f a c t o r W8, 1 and
W8 r e s p e c t i v e l y

73 X9=X1b+X5f*W9+X9j*W2+X13o*W11; // at l i n e 1 0 ; X5f ,
x9 j and X13o a r e to be mu l t i p l i e d by f a c t o r W9 W2
and W11 r e s p e c t i v e l y

74 X10=X2c+X6g*W10+X10k*W4+X14p*W14; // at l i n e 1 1 ; X6g ,
X10k and X14p a r e to be mu l t i p l i e d by f a c t o r W10
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W4 & W14 r e s p e c t i v e l y
75 X11=X3d+X7h*W11+X11m*W6+X15q*W1; // at l i n e 1 2 ; X7h ,

X11m , and X15q a r e to be mu l t i p l e d by f a c t o r W11,
W6 and W1 r e s p e c t i v e l y

76 X12=X0a+X4e*W12+X8i*W8+X12n*W4; // at l i n e 1 3 ; X4e ,
X8i and X12n a r e to be mu l t i p l i e d by f a c t o r W12,
W8 and W4 r e s p e c t i v e l y

77 X13=X1b+X5f*W13+X9j*W10+X13o*W7; // at l i n e 1 4 ; X5f ,
x9 j and X13o a r e to be mu l t i p l i e d by f a c t o r W13
W10 and W7 r e s p e c t i v e l y

78 X14=X2c+X6g*W14+X10k*W12+X14p*W10; // at l i n e 1 5 ; X6g ,
X10k and X14p a r e to be mu l t i p l i e d by f a c t o r W14
W12 and W10 r e s p e c t i v e l y

79 X15=X3d+X7h*W15+X11m*W14+X15q*W13; // at l i n e 1 6 ; X7h ,
X11m & X15q a r e to be mu l t i p l e d by f a c t o r W15,W14
& W13 r e s p e c t i v e l y

80 disp(X0)

81 disp(X1)

82 disp(X2)

83 disp(X3)

84 disp(X4)

85 disp(X5)

86 disp(X6)

87 disp(X7)

88 disp(X8)

89 disp(X9)

90 disp(X10)

91 disp(X11)

92 disp(X12)

93 disp(X13)

94 disp(X14)

95 disp(X15)

96 disp({X0,X1,X2 ,X3,X4,X5,X6 ,X7,X8,X9 ,X10 ,X11 ,X12 ,X13 ,

X14 ,X15})

97

98 // Expected output :X( k )={120,−8+ 40 . 218716 i
, −8+19.313708 i , −8+11.972846 i ,−8+8 i , −8+5.3454291 i
, −8+3.3137085 i , //−8+1.5912989 i ,−8−7.838D−15 i
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,−8−1.5912989 i ,−8−3.3137085 i ,−8−5.3454291 i ,−8−8 i
,−8−11.972846 i ,−8−19.313708 i ,

99 // −8−40.218716 i }
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Experiment: 2

Computation of N-Point DFT
using DIF method

Scilab code Solution 2.0 Experiment Number 2

1 //AIM: Computation o f N−Point DFT us i ng DIF method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // Let N=4
7 //Computing f o u r po i n t DFT f o r x ( n ) ={5 ,6 ,7 ,8} u s i n g

Dec imat ion i n Frequency−Fast
8 // Fou r i e r t r an s f o rm ( i . e . DIF−FFT )
9 x0=5;

10 x1=6;

11 x2=7;

12 x3=8;

13

14 X0=(((x3+x1)*(1))+((x2+x0)*(1)))*(1);

15 disp(X0, ’X( 0 )= ’ )
16

17 X2=(((x3+x1)*(1)) -((x2+x0)*(1)))*(-1);

18 disp(X2, ’X( 2 )= ’ )
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19

20 X1=((x3-x1)*(-1)*(-sqrt(-1))+(x2 -x0)*(-1))*(1);

21 disp(X1, ’X( 1 )= ’ )
22

23 X3=((x3-x1)*(-1)*(-sqrt(-1)) -(x2 -x0)*(-1))*(-1);

24 disp(X3, ’X( 3 )= ’ )
25

26 disp({X0,X1,X2 ,X3}, ’ So , the DFT o f x ( n ) u s i n g
Decimation−in−Frequency Fast Fou r i e r Transform (
DIF−FFT) i s X( k )= ’ )

27

28 // Expected output :X( k )={26,−2+2 i ,−2,−2−2 i }

Scilab code Solution 2.1 Experiment Number 2

1 //AIM: Computation o f N−Point DFT us i ng DIF method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={1 ,2 , 3 , 4 , 5 , 6}

7 // u s i n g DIF ( S p l i t r a d i x ) method f o r N=6(2∗3)
8 // Let us beg in with the programming . For

under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =1;x ( 1 ) =2 ,x ( 2 ) =3 ,x ( 3 ) =4 ,x ( 4 ) =5 ,x ( 5 )=6
10 x0=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
11 x1=2; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
12 x2=3; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
13 x3=4; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
14 x4=5; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l
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o rd e r
15 x5=6; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
16

17 //Computing the tw i dd l e f a c t o r s
18 W0=cos ((2* %pi/6)*0) -(sqrt(-1))*sin ((2* %pi /6)*0)

19 disp(W0, ’W0= ’ )
20 W1=cos ((2* %pi/6)*1) -(sqrt(-1))*sin ((2* %pi /6)*1)

21 disp(W1, ’W1= ’ )
22 W2=cos ((2* %pi/6)*2) -(sqrt(-1))*sin ((2* %pi /6)*2)

23 disp(W2, ’W2= ’ )
24 W3=cos ((2* %pi/6)*3) -(sqrt(-1))*sin ((2* %pi /6)*3)

25 disp(W3, ’W3= ’ )
26 W4=cos ((2* %pi/6)*4) -(sqrt(-1))*sin ((2* %pi /6)*4)

27 disp(W4, ’W4= ’ )
28 W5=cos ((2* %pi/6)*5) -(sqrt(-1))*sin ((2* %pi /6)*5)

29 disp(W5, ’W5= ’ )
30

31 // Stage I computat ions
32 x0a=x0+x2+x4;

33 x1b=x1+x3+x5;

34 x2c=x0+x2*W2+x4*W4;// at l i n e x2 , x4 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W2 and W4
r e s p e c t i v e l y

35 x3d=x1+x3*W2+x5*W4;// at l i n e x3 , x5 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W2 and W4
r e s p e c t i v e l y

36 x4e=x0+x2*W4+x4*W2;// at l i n e x2 , x4 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W4 and W2
r e s p e c t i v e l y

37 x5f=x1+x3*W4+x5*W2;// at l i n e x3 , x5 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W4 and W2
r e s p e c t i v e l y

38

39 // Stage I I computat ions
40 X0=x0a+x1b*W0;// at l i n e 1 , x1b i s to be mu l t i p l i e d

by tw i dd l e f a c t o r W0 r e s p e c t i v e l y
41 X3=x0a+x1b*W0*W3;// at l i n e 2 , x1b i s to be
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mu l t i p l i e d by tw i dd l e f a c t o r W0 and W3
r e s p e c t i v e l y

42 X1=x2c+x3d*W1;// at l i n e 3 , x3d i s to be mu l t i p l i e d
by tw i dd l e f a c t o r W1 r e s p e c t i v e l y

43 X4=x2c+x3d*W1*W3;// at l i n e 4 , x3b i s to be
mu l t i p l i e d by tw i dd l e f a c t o r W1 and W3
r e s p e c t i v e l y

44 X2=x4e+x5f*W2;// at l i n e 5 , x5 f i s to be mu l t i p l i e d
by tw i dd l e f a c t o r W2 r e s p e c t i v e l y

45 X5=x4e+x5f*W2*W3;// at l i n e 6 , x5 f i s to be
mu l t i p l i e d by tw i dd l e f a c t o r W2 and W3
r e s p e c t i v e l y

46

47 disp(X0, ’X( 0 )= ’ )
48 c= - 3. - 1.470D-15

49 X3=ceil(c)

50 disp(X3, ’X( 3 )= ’ )
51 disp(X1, ’X( 1 )= ’ )
52 disp(X4, ’X( 4 )= ’ )
53 disp(X2, ’X( 2 )= ’ )
54 disp(X5, ’X( 5 )= ’ )
55 disp({X0,X1,X2 ,X3,X4,X5}, ’ So , the DFT o f x ( n ) u s i n g

Decimation−in−Frequency Fast Fou r i e r Transform (
DIF−FFT) i s X( k )= ’ )

56

57 // Expected output :X( k ) ={21 ,−3+5.1961524 i
, −3+1.7320508 i ,−3 ,−3−1.7320508 i ,−3− 5 . 1961524 i }

Scilab code Solution 2.2 Experiment Number 2

1 //AIM: Computation o f N−Point DFT us i ng DIF method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;
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6 // We w i l l compute the DFT o f the s equence x ( n )
={1 ,2 , 3 , 4 , 5 , 6}

7 // u s i n g DIF ( S p l i t r a d i x ) method f o r N=6(3∗2)
8 // Let us beg in with the programming . For

under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =1;x ( 1 ) =2 ,x ( 2 ) =3 ,x ( 3 ) =4 ,x ( 4 ) =5 ,x ( 5 )=6
10 x0=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
11 x1=2; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
12 x2=3; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
13 x3=4; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
14 x4=5; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
15 x5=6; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
16

17 //Computing the tw i dd l e f a c t o r s
18 W0=cos ((2* %pi/6)*0) -(sqrt(-1))*sin ((2* %pi /6)*0)

19 disp(W0, ’W0= ’ )
20 W1=cos ((2* %pi/6)*1) -(sqrt(-1))*sin ((2* %pi /6)*1)

21 disp(W1, ’W1= ’ )
22 W2=cos ((2* %pi/6)*2) -(sqrt(-1))*sin ((2* %pi /6)*2)

23 disp(W2, ’W2= ’ )
24 W3=cos ((2* %pi/6)*3) -(sqrt(-1))*sin ((2* %pi /6)*3)

25 disp(W3, ’W3= ’ )
26 W4=cos ((2* %pi/6)*4) -(sqrt(-1))*sin ((2* %pi /6)*4)

27 disp(W4, ’W4= ’ )
28 W5=cos ((2* %pi/6)*5) -(sqrt(-1))*sin ((2* %pi /6)*5)

29 disp(W5, ’W5= ’ )
30

31 // Stage I computat ions
32 x0a=x0+x3;

33 x1b=x1+x4;

34 x2c=x2+x5;

35 x3d=x0 -x3;
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36 x4e=x1 -x4;

37 x5f=x2 -x5;

38

39 // Stage I I computat ions
40 X0=x0a+x1b+x2c;

41 X2=x0a+x1b*W2+x2c*W4;// at l i n e 2 , x1b and x2c a r e to
be mu l t i p l i e d by tw i dd l e f a c t o r W2 and W4

r e s p e c t i v e l y
42 X4=x0a+x1b*W4+x2c*W2;// at l i n e 3 , x1b and x2c a r e to

be mu l t i p l i e d by tw i dd l e f a c t o r W4 and W2
r e s p e c t i v e l y

43 X1=x3d+x4e*W1+x5f*W2;// at l i n e 4 , x4e and x5 f a r e to
be mu l t i p l i e d by tw i dd l e f a c t o r W1 and W2

r e s p e c t i v e l y
44 X3=x3d+x4e*W1*W2+x5f*W2*W4;// at l i n e 5 , x4e and x5 f

a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W1,W2 and
W2,W4 r e s p e c t i v e l y

45 X5=x3d+x4e*W1*W4+x5f*W2*W2;// at l i n e 6 , x4e and x5 f
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W1,W4 and
W2,W2 r e s p e c t i v e l y

46

47 disp(X0, ’X( 0 )= ’ )
48 disp(X2, ’X( 2 )= ’ )
49 disp(X4, ’X( 4 )= ’ )
50 disp(X1, ’X( 1 )= ’ )
51 c=- 3. - 1.332D-15

52 X3=ceil(c)

53 disp(X3, ’X( 3 )= ’ )
54 disp(X5, ’X( 5 )= ’ )
55 disp({X0,X1,X2 ,X3 ,X4,X5}, ’ So , the DFT o f x ( n ) u s i n g

Decimation−in−Frequency Fast Fou r i e r Transform (
DIF−FFT) i s X( k )= ’ )

56

57 // Expected output :X( k ) ={21 ,−3+5.1961524 i
, −3+1.7320508 i ,−3 ,−3−1.7320508 i ,−3−5.1961524 i }
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Scilab code Solution 2.3 Experiment Number 2

1 //AIM: Computation o f N−Point DFT us i ng DIF method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9}

7 // u s i n g DIF ( S p l i t r a d i x ) method f o r N=9(3∗3)
8 // For under s tand ing , l e t us w r i t e the g i v en data as
9 //x ( 0 ) =1;x ( 1 ) =2 ,x ( 2 ) =3 ,x ( 3 ) =4 ,x ( 4 ) =5 ,x ( 5 ) =6 ,x ( 6 ) =7 ,x

( 7 ) =8 ,x ( 8 )=9
10 x0=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
11 x1=2; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
12 x2=3; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
13 x3=4; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
14 x4=5; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
15 x5=6; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
16 x6=7; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
17 x7=8; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
18 x8=9; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
19

20 //Computing the tw i dd l e f a c t o r s
21 W0=cos ((2* %pi/9)*0) -(sqrt(-1))*sin ((2* %pi /9)*0)
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22 disp(W0, ’W0= ’ )
23 W1=cos ((2* %pi/9)*1) -(sqrt(-1))*sin ((2* %pi /9)*1)

24 disp(W1, ’W1= ’ )
25 W2=cos ((2* %pi/9)*2) -(sqrt(-1))*sin ((2* %pi /9)*2)

26 disp(W2, ’W2= ’ )
27 W3=cos ((2* %pi/9)*3) -(sqrt(-1))*sin ((2* %pi /9)*3)

28 disp(W3, ’W3= ’ )
29 W4=cos ((2* %pi/9)*4) -(sqrt(-1))*sin ((2* %pi /9)*4)

30 disp(W4, ’W4= ’ )
31 W5=cos ((2* %pi/9)*5) -(sqrt(-1))*sin ((2* %pi /9)*5)

32 disp(W5, ’W5= ’ )
33 W6=cos ((2* %pi/9)*6) -(sqrt(-1))*sin ((2* %pi /9)*6)

34 disp(W6, ’W6= ’ )
35 W7=cos ((2* %pi/9)*7) -(sqrt(-1))*sin ((2* %pi /9)*7)

36 disp(W7, ’W7= ’ )
37 W8=cos ((2* %pi/9)*8) -(sqrt(-1))*sin ((2* %pi /9)*8)

38 disp(W8, ’W8= ’ )
39

40 // Stage I computat ions
41 x0a=x0+x3+x6;

42 x1b=x1+x4+x7;

43 x2c=x2+x5+x8;

44 x3d=x0+x3*W3+x6*W6;// at l i n e 4 ; x3 & x6 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

45 x4e=x1+x4*W3+x7*W6;// at l i n e 5 ; x4 & x7 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

46 x5f=x2+x5*W3+x8*W6;// at l i n e 6 ; x5 & x8 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

47 x6g=x0+x3*W6+x6*W3;// at l i n e 7 ; x3 & x6 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

48 x7h=x1+x4*W6+x7*W3;// at l i n e 8 ; x4 & x7 a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

49 x8i=x2+x5*W6+x8*W3;// at l i n e 9 ; x5 & x8 a r e to be
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mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

50

51 // Stage−I I Computations
52 X0=x0a+x1b+x2c;

53 X3=x0a+x1b*W3+x2c*W6;// at l i n e 2 ; x1b & x2c a r e to
be mu l t i p l i e d by tw i dd l e f a c t o r W3 and W6
r e s p e c t i v e l y

54 X6=x0a+x1b*W6+x2c*W3;// at l i n e 3 ; x1 & x2c a r e to be
mu l t i p l i e d by tw i dd l e f a c t o r W6 and W3

r e s p e c t i v e l y
55 X1=x3d+x4e*W1+x5f*W2;// at l i n e 4 ; x4e & x5 f a r e to

be mu l t i p l i e d by tw i dd l e f a c t o r W1 and W2
r e s p e c t i v e l y

56 X4=x3d+x4e*W1*W3+x5f*W2*W6;// at l i n e 5 ; x4e & x5 f
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W3,W1 and
W2,W6 r e s p e c t i v e l y

57 X7=x3d+x4e*W1*W6+x5f*W2*W3;// at l i n e 6 ; x4e & x5 f
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W1,W6 and
W2,W3 r e s p e c t i v e l y

58 X2=x6g+x7h*W2+x8i*W4;// at l i n e 7 ; x7h & x8 i a r e to
be mu l t i p l i e d by tw i dd l e f a c t o r W2 and W4
r e s p e c t i v e l y

59 X5=x6g+x7h*W2*W3+x8i*W4*W6;// at l i n e 8 ; x7h & x8 i
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W2,W3 and
W4,W6 r e s p e c t i v e l y

60 X8=x6g+x7h*W2*W6+x8i*W4*W3;// at l i n e 9 ; x7h & x8 i
a r e to be mu l t i p l i e d by tw i dd l e f a c t o r W2,W6 and
W4,W3 r e s p e c t i v e l y

61

62 //Output
63 disp(X0, ’X( 0 )= ’ )
64 disp(X3, ’X( 3 )= ’ )
65 disp(X6, ’X( 6 )= ’ )
66 disp(X1, ’X( 1 )= ’ )
67 disp(X4, ’X( 4 )= ’ )
68 disp(X7, ’X( 7 )= ’ )
69 disp(X2, ’X( 2 )= ’ )

35



70 disp(X5, ’X( 5 )= ’ )
71 disp(X8, ’X( 8 )= ’ )
72 disp({X0,X1,X2 ,X3,X4,X5,X6 ,X7,X8}, ’ So , the DFT o f x ( n

) u s i n g Decimation−in−Frequency Fast Fou r i e r
Transform (DIF−FFT) i s X( k )= ’ )

73

74 // Expected output :X( k ) ={45 ,−4.5+12.363648 i
, −4 .5+5.3628912 i , −4 .5+2.5980762 i , −4 .5+0.7934714 i
, −4.5 −0.7934714 i , −4.5 −2.5980762 i , −4.5 −5.3628912 i
, −4.5 −12.363648 i }

Scilab code Solution 2.4 Experiment Number 2

1 //AIM: Computation o f N−Point DFT us i ng DIF method .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l compute the DFT o f the s equence x ( n )
={1 , 1 , 1 , 1 , 1 , 1 , 1 , 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0}

7 // u s i n g DIF ( S p l i t r a d i x ) method f o r N=16(4∗4)
8 // For under s tand ing , l e t us w r i t e the c o n s i d e r e d

input data as
9 //x ( 0 ) =1;x ( 1 ) =1 ,x ( 2 ) =1 ,x ( 3 ) =1 ,x ( 4 ) =1 ,x ( 5 ) =1 ,x ( 6 ) =1 ,x

( 7 ) =1 ,x ( 8 ) =0 ,x ( 9 ) =0 ,x ( 1 0 ) =0 ,x ( 1 1 ) =0 ,x ( 1 2 ) =0 ,x ( 1 3 )
=0 ,x ( 1 4 ) =0 ,x ( 1 5 ) =0;

10 x0=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l
o r d e r

11 x1=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l
o r d e r

12 x2=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l
o r d e r

13 x3=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l
o r d e r

14 x4=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l
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o rd e r
15 x5=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
16 x6=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
17 x7=1; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
18 x8=0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
19 x9=0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
20 x10 =0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
21 x11 =0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
22 x12 =0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
23 x13 =0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
24 x14 =0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
25 x15 =0; //DIF−FFT, so a r r an g i n g the input i n n a t u r a l

o r d e r
26

27 //Computing the n e c e s s a r y tw i dd l e f a c t o r s
28 W0=cos ((2* %pi /16) *0) -(sqrt(-1))*sin ((2* %pi /16) *0)

29 disp(W0, ’W0= ’ )
30 W1=cos ((2* %pi /16) *1) -(sqrt(-1))*sin ((2* %pi /16) *1)

31 disp(W1, ’W1= ’ )
32 W2=cos ((2* %pi /16) *2) -(sqrt(-1))*sin ((2* %pi /16) *2)

33 disp(W2, ’W2= ’ )
34 W3=cos ((2* %pi /16) *3) -(sqrt(-1))*sin ((2* %pi /16) *3)

35 disp(W3, ’W3= ’ )
36 W4=cos ((2* %pi /16) *4) -(sqrt(-1))*sin ((2* %pi /16) *4)

37 disp(W4, ’W4= ’ )
38 W5=cos ((2* %pi /16) *5) -(sqrt(-1))*sin ((2* %pi /16) *5)

39 disp(W5, ’W5= ’ )
40 W6=cos ((2* %pi /16) *6) -(sqrt(-1))*sin ((2* %pi /16) *6)
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41 disp(W6, ’W6= ’ )
42 W7=cos ((2* %pi /16) *7) -(sqrt(-1))*sin ((2* %pi /16) *7)

43 disp(W7, ’W7= ’ )
44 W8=cos ((2* %pi /16) *8) -(sqrt(-1))*sin ((2* %pi /16) *8)

45 disp(W8, ’W8= ’ )
46 W9=cos ((2* %pi /16) *9) -(sqrt(-1))*sin ((2* %pi /16) *9)

47 disp(W9, ’W9= ’ )
48 W10=cos ((2* %pi /16) *10) -(sqrt(-1))*sin ((2* %pi /16) *10)

49 disp(W10 , ’W10= ’ )
50 W11=cos ((2* %pi /16) *11) -(sqrt(-1))*sin ((2* %pi /16) *11)

51 disp(W11 , ’W11= ’ )
52 W12=cos ((2* %pi /16) *12) -(sqrt(-1))*sin ((2* %pi /16) *12)

53 disp(W12 , ’W12= ’ )
54 W13=cos ((2* %pi /16) *13) -(sqrt(-1))*sin ((2* %pi /16) *13)

55 disp(W13 , ’W13= ’ )
56 W14=cos ((2* %pi /16) *14) -(sqrt(-1))*sin ((2* %pi /16) *14)

57 disp(W14 , ’W14= ’ )
58 W15=cos ((2* %pi /16) *15) -(sqrt(-1))*sin ((2* %pi /16) *15)

59 disp(W15 , ’W15= ’ )
60

61 x0a=x0+x8;

62 x1b=x1+x9;

63 x2c=x2+x10;

64 x3d=x3+x11;

65 x4e=x4+x12;

66 x5f=x5+x13;

67 x6g=x6+x14;

68 x7h=x7+x15;

69 x8i=x0+(-1)*x8;

70 x9j=(x1+(-1)*x9)*W1;

71 x10k=(x2+(-1)*x10)*W2;

72 x11l=(x3+(-1)*x11)*W3;

73 x12m=(x4+(-1)*x12)*W4;

74 x13n=(x5+(-1)*x13)*W5;

75 x14o=(x6+(-1)*x14)*W6;

76 x15p=(x7+(-1)*x15)*W7;

77

78 x0aa=x0a+x4e;
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79 x1bb=x1b+x5f;

80 x2cc=x2c+x6g;

81 x3dd=x3d+x7h;

82 x4ee=x0a+(-1)*x4e;

83 x5ff=(x1b+(-1)*x5f)*W2;

84 x6gg=(x2c+(-1)*x6g)*W4;

85 x7hh=(x3d+(-1)*x7h)*W6;

86 x8ii=x8i+x12m;

87 x9jj=x9j+x13n;

88 x10kk=x10k+x14o;

89 x11ll=x11l+x15p;

90 x12mm=x8i+(-1)*x12m;

91 x13nn=(x9j+(-1)*x13n)*W2;

92 x14oo=(x10k +(-1)*x14o)*W4;

93 x15pp=(x11l +(-1)*x15p)*W6;

94

95 x0aaa=x0aa+x2cc;

96 x1bbb=x1bb+x3dd;

97 x2ccc=x0aa +(-1)*x2cc;

98 x3ddd=(x1bb +(-1)*x3dd)*W4;

99 x4eee=x4ee+x6gg;

100 x5fff=x5ff+x7hh;

101 x6ggg=x4ee +(-1)*x6gg;

102 x7hhh=(x5ff +(-1)*x7hh)*W4;

103 x8iii=x8ii+x10kk;

104 x9jjj=x9jj+x11ll;

105 x10kkk=x8ii +(-1)*x10kk;

106 x11lll =(x9jj +(-1)*x11ll)*W4;

107 x12mmm=x12mm+x14oo;

108 x13nnn=x13nn+x15pp;

109 x14ooo=x12mm +(-1)*x14oo;

110 x15ppp =( x13nn +(-1)*x15pp)*W4;

111

112 // F i na l output
113 X0=x0aaa+x1bbb;

114 X8=x0aaa +(-1)*x1bbb;

115 X4=x2ccc+x3ddd;

116 X12=x2ccc +(-1)*x3ddd;
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117 X2=x4eee+x5fff;

118 X10=x4eee +(-1)*x5fff;

119 X6=x6ggg+x7hhh;

120 X14=x6ggg +(-1)*x7hhh;

121 X1=x8iii+x9jjj;

122 X9=x8iii +(-1)*x9jjj;

123 X5=x10kkk+x11lll;

124 X13=x10kkk +(-1)*x11lll;

125 X3=x12mmm+x13nnn;

126 X11=x12mmm +(-1)*x13nnn;

127 X7=x14ooo+x15ppp;

128 X15=x14ooo +(-1)*x15ppp;

129 disp({,X8,X4,X12 ,X2,X10 ,X6 ,X14 ,X1,X9 ,X5,X13 ,X3 ,X11 ,

X7 ,X15 ,}, ’ The computed v a l u e s a r e ’ )
130 disp({X0,X1,X2 ,X3,X4,X5,X6 ,X7,X8,X9 ,X10 ,X11 ,X12 ,X13 ,

X14 ,X15}, ’ So , the DFT o f x ( n ) u s i n g Decimation−in−
Frequency Fast Fou r i e r Transform (DIF−FFT) i s X( k )
= ’ )

131

132 // Expected output :X( k ) ={8 ,1 . −5.0273395 i
, 0 , 1 −1 .4966058 i , 0 , 1 −0 .6681786 i , 0 , 1 −0 .1989124 i
, 0 , 1+0 . 1989124 i , 0 ,

133 // 1+0.6681786 i , 0 , 1+1 . 4966058 i , 0 , 1+5 . 0273395 i }
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Experiment: 3

Design of FIR filter

Scilab code Solution 3.0 Experiment Number 3

1 //AIM: Des ign o f FIR f i l t e r .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 // We w i l l c o n s i d e r a c a s e o f no rma l i s ed L in ea r
Phase FIR f i l t e r , with Length 7 and cut o f f
f r e qu en cy : 1 rad / s e c .

7 M = 7; // F i l t e r Length
8 omegac = 1; // D i g i t a l Cu t t o f f Freq Wc = 1 rad / sample

( Con s i d e r i n g Normal i s ed )
9 L = (M-1)/2;

10 for n = 1:M

11 hdn = omegac/%pi;

12 disp(hdn)

13 end

14 for n = 1:M;

15 wn = 1;

16 end

17 h=hdn*wn;

18 [mag ,fr]=frmag(h ,512);
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Figure 3.1: Experiment Number 3

19 db_magnitude= 20* log10(mag);

20 plot2d(fr,db_magnitude)

21 xlabel( ’ Frequency ’ );
22 ylabel( ’ Magnitude i n dB ’ );
23 title( ’ Frequency r e s p on s e o f FIR f i l t e r u s i n g

Rec tangu l a r window ’ )
24 // Expected output

: 0 . 3 1 8 3 0 9 9 , 0 . 3 1 8 3 0 9 9 , 0 . 3 1 8 3 0 9 9 , 0 . 3 1 8 3 0 9 9 , 0 . 3 1 8 3 0 9 9 , 0 . 3 1 8 3 0 9 9 , 0 . 3 1 8 3 0 9 9
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Experiment: 4

Design of IIR filter

Scilab code Solution 4.0 Experiment Number 4

1 //AIM: Des ign o f IIR f i l t e r .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 //We w i l l compute the o rd e r and the p o l e s o f
Butte rworth low pas s f i l t e r

7 // u s i n g b i l i n e a r t r a n s f o rma t i o n ( Asuming T= 1 s e c ) ;
8 s=poly(0,” s ”)
9 T=1;

10 Ap=0.8; // At t enua t i on i n pa s s band
11 As=0.2; // At t enua t i on i n s t op band
12 wp =0.2*( %pi)

13 ws =0.6*( %pi)

14 ohmp =2/T*(tan(wp/2))

15 ohms =2/T*(tan(ws/2))

16 //ORDER CALCULATION(N) ;
17 a=(1/As^2-1)

18 b=(1/Ap^2-1)

19 c=log(a/b)

20 N=(1/2) *(c/(log(ohms/ohmp)))
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21 Nr=int (N)

22 x=N-int(N)

23 if(x>0)

24 Nr=Nr+1

25 else

26 Nr=N

27 end

28 ohmc=(ohmp /(1/Ap^2-1) ^(1/(2* Nr)))

29 // c a l c u l a t i o n o f p o l e s
30 i=0:1:Nr -1;

31 pi_plus=ohmc*exp(%i*(Nr+2*i+1)*(%pi)/(2*Nr))

32 pi_minus=-ohmc*exp(%i *(2+2.*i+1)*(%pi)/(2*Nr))

33 disp(wp, ’wp= ’ )
34 disp(ws, ’ ws= ’ )
35 disp(ohmp , ’ ohmp= ’ )
36 disp(ohms , ’ ohms= ’ )
37 disp(N, ’N= ’ )
38 disp(Nr, ’ The va lu e o f N a f t e r round−o f f i . e . Nr= ’ )
39 disp(ohmc , ’ ohmc= ’ )
40 disp(pi_plus , ’ Po l e s= ’ )
41 disp(pi_minus , ’ Po l e s= ’ )
42 h2=zeros (1,2)

43 h=ohmc/(s-( -0.53 -0.53*%i))

44 h1=ohmc/(s -( -0.53+0.53* %i))

45 h2=h*h1;

46 disp(h, ’H1( s )= ’ );
47 disp(h1, ’H2( s )= ’ );
48 disp( ’ As H( s )=H1( s ) ∗H2( s ) ’ )
49 disp(h2, ’ So , H( s )= ’ );
50 // To ob t a i n i n g t r a n s f e r f u n c t i o n f o r d i g i t a l

f i l l t e r
51 Z=poly(0,”Z”)
52 s=(2/T)*((Z-1)/(Z+1));

53 Z1 =0.56/(s^2+1.06*s+0.56);

54 disp(Z1,” T ran s f e r f u n c t i o n o f D i g i t a l f i l t e r H(Z)=”)
55

56 // Expected output : T r an s f e r f u n c t i o n o f the d i g i t a l
f i l t e r
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57 //H( z ) =(0 .56+1.12Z+0.56Zˆ2) / ( 2 . 4 4 − 6 . 8 8Z + 6 . 6 8Zˆ2)

Scilab code Solution 4.1 Experiment Number 4

1 //AIM: Des ign o f IIR f i l t e r .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 //We w i l l d e s i g n a second o rd e r bandpass d i g i t a l
Butte rworth f i l t e r with

7 // passband o f 300Hz to 500Hz and sampl ing f r e qu en cy
o f 1500Hz u s i n g

8 // b i l i n e a r t r a n s f o rma t i o n method ; c o n s i d e r i n g
p ro t o type LPF

9 // with t r a n s f e r func t i onH ( s )= c / s+ c .
10 // Part A: Ca l c u l a t i o n o f s p e c i f i c a t i o n s f o r d i g i t a l

f i l t e r
11 // F i r s t we w i l l c a l c u l a t e th r r e q u i r e d s p e c i f i c a t i o n

o f the d i g i t a l f i l t e r
12 // That means s p e c i f i c a t i o n i n terms o f w
13 Fu=500; //Fu i s the h i g h e r cut−o f f f r e qu en cy
14 Fl=300; // Fl i s the l owe r cut−o f f f r e qu en cy
15 //We want the s p e c i f i c a t i o n i n terms o f wu and wl .

For that , f i r s t we w i l l c a l c u l a t e
16 // v a l u e s o f fu and f l by u s i ng f r e qu en cy Fs=1500Hz
17 Fs =1500;

18 fu=Fu/Fs;

19 disp(fu, ’ f u= ’ )
20 wu=2*%pi*fu;// I t i s i n the u n i t s o f r a d i a n s / sample
21 disp(wu, ’wu= ’ )
22 fl=Fl/Fs;

23 disp(fl, ’ f l= ’ )
24 wl=2*%pi*fl;// I t i s i n the u n i t s o f r a d i a n s / sample
25 disp(wl, ’ wl= ’ )
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26 // As second o rd e r bandpass f i l t e r i s c on s i d e r ed ,
27 // so the o rd e r o f the f i l t e r i s N=2
28 N=2;

29 // Part B : C a l c u l a t i o n o f s p e c i f i c a t i o n f o r ana l og
f i l t e r

30 Ts=1/Fs;

31 disp(Ts, ’ Ts= ’ )
32 ohmu =(2/Ts)*(tan(wu/2));

33 ohml =(2/Ts)*(tan(wl/2));

34 disp(ohmu , ’ ohmu= ’ )
35 disp(ohml , ’ ohml= ’ )
36 // Part C : C a l c u l a t i o n o f system t r a n s f e r f u c t i o n f o r

ana l og BPF
37 s=poly(0,” s ”)
38 ohmc=1

39 Hs=ohmc/(s+ohmc);//H( s ) i s the t r a n s f e r f u n c t i o n o f
LPF

40 disp(Hs, ’ Hs= ’ )
41 S=poly(0,”S”)
42 s=(ohmc)*(((S^2)+(ohml*ohmu))/(S*(ohmu -ohml)))

43 disp(s, ’ s= ’ )
44 Hs1=ohmc/(s+ohmc);

45 disp(Hs1 , ’ T r an s f e r f u n c t i o n o f the ana l og f i l t e r i . e
. H( s )= ’ )

46 // Part D: Ca l c u l a t i o n H( z ) f o r d i g i t a l f i l t e r
47 Z=poly(0,”Z”)
48 S=(2/Ts)*((Z-1)/(Z+1));

49 Hz =(3016.5248*S)/(S^2+3016.5248*S+11325677)

50 disp(Hz, ’ T r an s f e r f u n c t i o n o f the d i g i t a l f i l t e r i . e
. H( z )= ’ )

51 // Plz note tha t manual ly s o l v e d answers may be a b i t
d i f f e r e n t due to

52 // r oundo f f b e ing taken , wh i l e S c i l a b Conso l e w i l l
d i s p l a y extreme p r e c i s e

53 // v a l u e s .
54 // Let us a l s o c a l c u l a t e the ga in
55 a=trfmod(Hz)

56 b=disp(a, ’ T r an s f e r f u n c t i o n o f the d i g i t a l f i l t e r (
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a f t e r r o undo f f ) i . e . H( z )= ’ )
57

58 // Expected output :
59 // Tr an s f e r f u n c t i o n o f the d i g i t a l f i l t e r ( a f t e r

r o undo f f )
60 // ( −0 .3080680+0.3080680Zˆ2)
61 // H( z )= −−−−−−−−−−−−−−−−−−−−−−−−−−
62 // (0 . 3838640+0 .1583426Z+Zˆ2)

Scilab code Solution 4.2 Experiment Number 4

1 //AIM: Des ign o f IIR f i l t e r .
2 // So f twar e v e r s i o n S c i l a b 5 . 5 . 2
3 //OS windows 10
4 clc;

5 clear;

6 //We w i l l d e s i g n the d i g i t a l h igh pas s f i l t e r f o r
cut o f f f r e qu en cy o f 30Hz and

7 // sampl ing f r e qu en cy o f 150Hz u s i n g B i l i n e a r
t r a n s f o rma t i o n

8 // Part 1 : C a l c u l a t i o n o f s p e c i f i c a t i o n f o r d i g i t a l
f i l t e r

9 Fhp =30; // g i v en cut o f f f r e qu en cy i s 30 Hz
10 Fs=150; // g i v en sampl ing f r e qu en cy i s 150 Hz
11 fhp=Fhp/Fs;

12 disp(fhp , ’ fhp= ’ )
13 omegahp =2*%pi*fhp;

14 disp(omegahp , ’ omegahp= ’ )
15 // o rd e r o f the f i l t e r i s not g i v en so we assume N=1
16 N=1

17 // Part 2 ; C a l u l a t i o n o f s p e c i f i c a t i o n s o f ana l og
f i l t e r

18 //Ts i s not g i v en d i r e c t l y so we c a l c u l a t e u s i n g
fo rmu la Ts=1/Fs

19 Ts=1/Fs;
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20 disp(Ts, ’ Ts= ’ );
21 // Step 1 : c a l u l a t i o n o f hp
22 ohmhp =(2/Ts)*tan(omegahp /2);

23 disp(ohmhp ,”The c a l u l a t e d va lu e o f hp in rad / s e c=”
);

24 // t r a n s f e r f u n c t i o n f o r low pas s f i l t e r i s H( s ) =1/( s
−s1 )

25 // s i n c e i t i s low pas s f i l t e r s1=(−1)
26 s=poly(0,” s ”);
27 S=poly(0,”S”);
28 H=1/(s+1);

29 // pa r t 3 : Use f r e qu en cy t r a n s f o rma t i o n
30 ohmc =1;

31 s=(ohmc*ohmhp)/S;

32 H1=1/(s+1)

33 disp(H1,” T ran s f e r f u n c t i o n o f the ana l og h igh pas s
f i l t e r H( s )=”);

34 // Part 4 : C a l c u l a t i o n o f H( z ) f o r d i g i t a l f i l t e r
35 Z=poly(0,”Z”);
36 s=(ohmc*ohmhp)/((2/Ts)*((Z-1)/(Z+1)));

37 H2=1/(s+1);

38 disp(H2,” T ran s f e r f u n c t i o n o f the d i g i t a l f i l t e r H( z
)=”)

39

40 // Expected output :
41 // Tr an s f e r f u n c t i o n o f the d i g i t a l f i l t e r
42 // − 300 + 300Z
43 // H( z )= −−−−−−−−−−−−−−−−−−−−−−
44 // − 82 . 037242 + 517 . 96276Z
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