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c RREEHTIR (FFT) BItEEHEEHTHR (DFT) WENEZE
- HiZITHE DFT WEZE N O(N?)
 FFT Bt BEERERRKEl O(N log N)
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DFT BYREfE R

N-1

X (DFT): X[k]= > x[n]Wjk, SERERR:
n=0
X[0] L R x[0]
XL | We o W] X
XIN-1] 1 M—1 Wﬁ,”"”z X[N-1]

B X=W,x, HR[W,],, = wik,
N-1
. 1 on L. 1 .
REH (IDFT): x[n] = N;X[k] Wi, SEREFGR: x = o Wy X

Heh W) B W, BIHEERER, HE W W, =NL
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- FHERPERR: WIRM = Wyt = Wik
N/2 _

- R Wy = 1
- BHAMERR: WEY = wh

&
XM FIRIES FFT BEREF A,
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B—RoHR. SIEHE

FHHEE N = 2", 3 x[n] #% n 9B A :

- n R@E: x[0], x[2],...,xIN-2] % x,[r] = x[2r]
« n AFE x[1],x[3], ..., XIN-1] 2 x,[r] = x[2r+1]

DFT #&& @19
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X[K] = x[n]W”k > xInlwgk+ > x[n]wik
n 18 n &

/2-1 N/2-1 (2r+1
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X [rIWgh, + Wi > x[rTwi,
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X[R] = X,[R]+ WEX,[R]|, k=0,1,..,N/2-1




B—RDE. MHIMER

N/2

FA Wy =-1, AREFHBIIN=:

X[k +NJ2] = X, [k +Nj2]+ wy ™"

= X, [R] - WE X, [R]

)X,k + N/2]

X[k +N/2] = X,[R]- WEX,[R]|, k=0,1,..,N/2-1

— N =X DFT 2R N/2 = DFT (X« X,), B@IBEEEAS,




(0] = z[0] ———f

(1] = z[2] ———>

21[N/2— 1] = 2[N — 2] — |

> X0

E— D S} ||

———— xi[N/2-1]

o) = 21] —— |

a,[1] = z[3] ———>|

22[N/2— 1] = 2[N — 1] — |

> X[
> X[

——— Xu[N/2-1]

X[0]
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X[N/2]

)Q \XN/2 +1]
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R EHEEN

X1 [K]
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XK X[k+ N /2|
k=01,---,N/2—1

HEESR
SMRCERE. 1 REHFE, 2 REHINE




Tt X, [k] EHEEHBR S —2 x,[r] = x,[2r], x,[r] = x,[2r+1]:
N/2-1
X, [R] = Z x, [n1wgk,

n=0
N/4-1 NJ4-1
@r+1)k

= > xRAwZks S x[2re1] Wy
r=0 r=0

N/4-1 N/4-1
- k k k
= Z X [T Wy, + Wy, Z X, [rIWy),

r=0 r
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o

X,[R] = X;[R] + W5,2x4[k] . kR=0,...,N/&-1

X,[R + N/4] = X;[R] - Wﬁ/2X4[k] , R=0,..,N/&-1

Xt X, [R] EIR#HIT R
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a0 =mf0] —— |

z3[l] = 21[2] ——>

25[N/4—1] = 21[N/2 — 2] — |

N/4 DFT

/>  X3[0]

—  xn

——— X5[N/4-1]

zi[0] =211 ———

zill] = 23] ———>
24[N/4—1] = 2,[N/2 — 1] ——»|

N/4 DFT

—— X
— X

——— XxuN/4-1

o 4REE3T X [R] F0 X, [R] #1753
- BEIDfEN 2 = DFT ALk

Ay

/ X1[0]
X[
X1[N/4]
- >
Wars \x,[N/4 +1]
W, \ .
IXi(N/2- 1)
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2 = DFT %EPE MRz s

Y

« 2 A DFT AEEFEEE
* X[0] = x[0] + x[1], X[1]=x[0]-x[1]

12



i ERH




S FFT S : F—RO R

& x[n]=01,20,1,3,21,0], N=8

S {BHMEY
x, = [x[0], x[2], x[4], x[6]] = [1, O, 3, 1]

x, = [x[1], x[3], x[5], x[7]] = [2, 1, 2, 0]
HE—ROEA:
X[R] = X,[R] + WE X, [K]
X[k + 4] = X,[R] - WE X, [K]
k=0,1,2,3
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8 HFFTHS: E—RHSRER

x1[0] = x[0] —>

xq[11=x(2] —>

X2 = x{4] ——>|

x4[3] = 6] —>

453 DFT

%o[0] = x[1] ——>|

Xol1] = X(3] —>

xol2] = (5] —>]

%l3] = (7] —>

453 DFT

X4[0]

X41]

X4l2]
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Xal1]

Xal2]

Xal3]
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X6]
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8 S FFT S : B4R R

3t x, =[1, 0, 3, 1] HEEZF(BHHEL:

X3=[11 31 X4=[0, 1]
3t x, =[2, 1, 2, 0] HERZF(BHHEN:

x5 =[2, 2], x5=[1,0]

X x, A
X,[R] = X5[R] + WF X, [K]

X[k +2] = X;[R] - WE X, [K]
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8 A FFTHS: B4R oRETR

X3[0]=X1[0]—) —> X3[0] > » X»][O]
255 DFT /

X3[1] = x4[2]—> > X3[1] > » X4[1]

X4[0] = x4[1]—> —>  X4[0] > P X402
255 DFT Wa \

X4[1] = x4[3] > —>  X4[1] > 3 X4[3]
W41 -




SHFFTHS: F=%—2 = DFT

BZE: W8 2 R FFVIEREM DFT:

X3 =[1, 3] xs =[2, 2]
X,[01=1+3=4, X;[1]=1-3=-2 X;[0]1=2+2=4, XJ[11=2-2=0
x, =[0, 1]: X =[1, 0]

X,[01=0+1=1, X[1]=0-1=-1 X [0]=1+0=1, XJ[1]=1-0=1



SHFFTHS: F-RIEHAS

FAW? =1, W] =-j, AE78 4 = DFT:

X, [R] (A X;« X, 4A5): X,[R] (FA Xy« X, 4B
X,[0]=4+1-1=5 X,[0]=4+1-1=5
X []=-2+()(-1)=-2+] X,[11=0+()(1)=-j
X[21=4-1-1=3 X,[2]=4-1-1=3
X [3]=-2-(j)-1)=-2-] X,[31=0-(=)(1) =)



SR FFTHS: F—RIKHAS

V2 V2

. . 2 .
ﬁﬁiﬁ%: Wg=1) W;=?(1_])) W82='], W§=7(—1—j)

X[0] = X,[0] + WgX,[0] =5+1-5=10

X011 = X, 111+ WRX,[1] = (-2 +)) + L)) = -2+ + 2( - 1)
=-2- L.y

X[2] = X,[2] + WX,[2] = 3+ (5j)(3) =3 - 3]

X[3] = X,[3]+ W2X,[3] = (-2 - j) + L(-1-)(i) = -2+ 2 + (-1+ 2)j

[& 4 SEFRE: X[k + 4] = X, [R] - WEX,[K]

X[4]=5-5=0, X[5]=_2+§+(1+§)j

X(61=3+3), X7)=-2-+(1-2)
19



S A FFTHS: &RI10E

X =[10, 2-—+(1 )J, 3-3j, -2+ +( 1+ )i, 0, -]

1. B—4&: N =8 RAFFIRFBIFATD 4 RFFFI

2. B B 4 RFFVIBIRATRA 2 RFFT

3. =4k 2 = DFT HiZHHE (XEFZ)

4, ZAREME: A A X[R]=A+W - B, X[R+N/2]=A-W -B ZHAS

Hlog,8=3%, B4 MR, Bit 12 REHFE (B DFT & 64 R),
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- BHISERH: D log, N

- EBINERER: Nlog, N

gt
5E1Z DFT 9 N2 REHESEEM N(N - 1) XEFIN AL, FFT EEEEMITEMRSE. Y
N = 1024 B, FFT B9SREREINNERE DFT B94Y 0.5%,



DFT 5 FFT it E¥LL

N DFTSEAN?  FFT 5ok > log, N EbE  EEEK

8 64 12 18.8% x5

16 256 32 12.5% x8
64 4096 192 4.7% x21
256 65536 1024 1.6% x64
1024 1048576 5120 0.49%  x205
4096 16777216 24576 0.15% =683

SHAREINRX,

N tjc, FFT OB E ., SEFRITFEH N FEX 1024 ~ 4096, FFT BIFk{E
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ElfiiF (Bit-Reversal)

* DIT FFT SINE BB FH
- BEAINFEN Z#ERRFTURE

BAIREF BRAIRFE#HE  EFET#HE A0

0 000 000 0
1 001 100 4
2 010 010 2
3 011 110 6
4 100 001 1
5 101 101 5
6 110 011 3

2%
7 111 111 7
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- B—RITEFEET W BHZMNI%EER
cEmP (m=1,2,..,M) ERREEFA:

N N

B N
Smr 25 - @771

Wy, p=0,

BV 27, 3t 27 AREIRAERET
- BRI E (n-place computation) : SR EIR0MIH BT LU RAE MTE AP s FRROTE
g 5E
- B T EEREE N MEREEST
&t
R EAKTE T2, 2 FFT B E BRI,



1. FFT AR REMEHR, e DFT WERitBEEA

2. Bb B FRIREREFROXNTRER AR, § N = DFT BRDHEN 2 = DFT (978
ERER)

3. RRSEH: SR N/2 NMEFZ, Hlog, N 4R
4 HEERE: BHIE L log, N, H8EL DFT 89 N2 IR
5. RMEA: WAREMFH); SRS, N8N MEfE®T
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