EE 422G Notes: Chapter 10 Instructor: Cheung

Calculating DFT

*:II;_]' : CyT -:.I'T_l i g s
X(k)= ZI(HJE_-’”“"\‘ = Z:r(rr)(e_f”"ﬁ‘ )ﬂk
n=>0 n=0

N-1
Denote W,, = e 72T Y then X (k)= Zx{n}ﬁ?’_&r
n=I0
» Each X(k) requires N complex multiplications and N complex additions.
# Each complex multiplication needs 4 real multiplications and 2 real
addition because (a+)b)*(c+)d) = (ac-bd)+j(bc+ad)
# There are N different X(k), so we need a total of
4N° real multiplications
4N real additions

nk
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However, by taking advantages of some properites of W, , we can significantly

speed out the calcuiations = Fast Fourter Transform

Interesting Properties of W7, :

(1) H'}JID = {E_“'EEF';N:]U — EU = ]__., H‘G;N — E'_“'EEF =

@ Wy " =W (periodic)
(3) Assume N is a multiple of 4

WF-JN & = E_JEEH-';{-?"F F 2} N - E_"FF = =1
N/4 —~j2A (N4 N —Jjmi2 ;
Wy g e g e —J

= J
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T T

(4) Assume N is even
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Example 10-3: Two-Point DFT

1
x(0), x(1): X (k)= x(mw,"™ k=0,
n=0

1 1
X(0)=3 x(n)#," = zﬂ x(n) = x(0) + x(1)

n=0
1 1
X)) =« =3 x(n)W,"
n=0 n=I(

= x(0)W," + x()W,
= x(0) + x(1)(—1)
= x(0) = x(1)

x(Q) . |
2-point —= X(0) X(0) X(0=x(0)+x(1)
E DFT | — X7 X(l) % XeD)=x(0-x(1)

Example 10-4: Four-point DFT of x(0), x(1), x(2), x(3)
3
Xk)=> x(n}lﬂ”‘: k=0.1.23,
n=>0
3

3

X(0)="Y x(m),™ =Y x(n) = x(0) + x(1) + x(2) + x(3)
n=0 n=0

X()= ix(ﬁ)rﬂ" = x(0OW, + x(OWW, +x(QW,” + x(3)W,’

H=1{)

= x(0) = jx(1) - x(2) + jx(3)

X(2)= ix{n)ﬁ?’f" = x(0W," + x(WW," +xQW,* + x3)W,°
n={)

= x(0) + x(1)(=1) + x(2)(1) + x(3)W,
=x(0) = x(1)+x(2) — x(3)
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S x(mW,”" = x(OW," +x(OW,” +x(QW,° + x3W,”

1]

X(3)

1

= x(0) + x(DW,” + x(Q)OF,” + x(3)WW¥,
= x(0) + jx () + (-Dx(2) + (- j)x(3)
= x(0) + jx(1) — x(2) - jx(3)

X(0)=[x(0)+ x(2)] +[x(1) + x(3)]

5 X =[x(0)~ x(2)]+ (=N = x(3)]
X(2)=[x(0)+ x(2)] - [x(1) + x(3)]
X(3) =[x(0) - x(2)]+ j[x(1) - x(3)]

Two-point
If we denote z(0) = x(0), z(1) = x(2) => Z(0) = z(0) + z(1) =x(0) + x(2) , g;in
Z(1) =2z(0) - z(1) = x(0) - x(2)

v(0) :I(l):- wl)= I{E) = V{ﬂ] = Ij(ﬂ:l L3 1’(1] = I(l) L I(El Two-point
1) =w0)-v(1)=x(1)-x(3) ¥F— bl
Our four — point DFT: [x(1) =(3)]

X(0) = Z(0) + 10)
X(1) = Z(1) + (5)H(1)
X(2) = Z(0) - M0)
X(3) =Z(1) +jA1)

Twe - point Two - point Four - point
DFETs DIFT output DFT output

x(+x(2) ()
(Z(0)
x(Ch-x(2) E{'H

x ()

Structure X {Zﬁi} !
ated |7 x(0) x(D+x(3) . iy
s el Q) 240
x(1)-x(3)
(i) b ¥R (N2

Key point: We compute 4-point DFT based on two 2-point DFTs

x(3)
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