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DIAKRITOI ORJOGWNIOI METASQHMATISMOI

Sămata diakritoÔ qrìnou metasqhmatÐzontai bĹsei orjogÿniwn sh-
mĹtwn

• Diakritìc metasqhmatismìc Fourier (DFT)

• Diakritìc metasqhmatismìc sunhmitìnou (DCT)

• Diakritìc metasqhmatismìc hmitìnou (DST)

• Diakritìc metasqhmatismìc Walse-Hadamard

• ...
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Diakritìc metasqhmatismìc Fourier

To săma

x(n), n = 0,1, . . . N − 1

Ta sămata bĹshc

wN = e−2π

N

• AnĹlush

X(k) =
N∑

n=0

x(n)wkn
N , k = 0,1, . . . N − 1

• SÔnjesh

x(n) =
1

N

N∑

k=0

X(k)w−kn
N , n = 0,1, . . . N − 1
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WN =
(
wkn

N

)
k=0,1...N−1

n=0,1,...N−1

=




1 1 1 . . . 1
1 wN w2

N . . . wN−1
N

1 w2
N w4

N . . . w2(N−1)
N... ... . . . . . . ...

1 wN−1)
N w2(N−1)

N . . . w(N−1)(N−1)
N




W−1
N =

1

N
WH

N

xN =




x(0)
x(1)

...
x(N − 1)


 , XN =




X(0)
X(1)

...
X(N − 1)




XN = WNxN

xN =
1

N
WH

N
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• ParĹdeigma

N = 4, wN = w4 = e−2π

4 = −

W4 =




1 1 1 1
1 − −1 
1 −1 1 −1
1  −1 −




X(0) = x(0) + x(1) + x(2) + x(3)
X(1) = x(0)− x(1)− x(2) + x(3)
X(2) = x(0)− x(1) + x(2)− x(3)
X(3) = x(0) + x(1)− x(2)− x(3)

5



W−1
4 =

1

4




1 1 1 1
1  −1 −
1 −1 1 −1
1 − −1 




x(0) = 1
4
(X(0) + X(1) + X(2) + X(3))

x(1) = 1
4
(X(0) + X(1)−X(2)− X(3))

x(2) = 1
4
(X(0)−X(1) + X(2)−X(3))

x(3) = 1
4
(X(0)− X(1)−X(2) + X(3))
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Basikèc Idiìthtec

x(n)
DFT⇐⇒ X(k)

• Periodikìthta

x(n + N) = x(n),∀n
X(k + N) = X(k),∀k

• Grammikìthta

ax1(n) + bx2(n)
DFT⇐⇒ aX1(k) + bX2(k)

• Qronikă anastrofă

x(N − n)
DFT⇐⇒ X(N − k)

• Kuklikă qronikă olÐsjhsh

x(n− l|modN)
DFT⇐⇒ X(k)e−2πkl

N

• Kuklikă sunèlixh (sugkerasmìc)

x1(n)⊗ x2(n)
DFT⇐⇒ X1(k)X2(k)

ìpou x1(n)⊗ x2(n) ≡
N−1∑

k=0

x1(k)x2(n− k|modN)
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x(n)
DFT⇐⇒ X(k)

Arijmhtikă Poluplokìthta

N2 flops

O TaqÔc Diakritìc Metasqhmatismìc Fourier

FFT !

1

2
N log2(N) flops
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x(n)
DFT⇐⇒ X(k)

• N = 4, w4 = −

X(0) = x(0)w0
4 + x(1)w0

4 + x(2)w0
4 + x(3)w0

4
X(1) = x(0)w0

4 + x(1)w1
4 + x(2)w2

4 + x(3)w3
4

X(2) = x(0)w0
4 + x(1)w2

4 + x(2)w4
4 + x(3)w6

4
X(3) = x(0)w0

4 + x(1)w3
4 + x(2)w6

4 + x(3)w9
4

• IsqÔei: wn
N = wn+N

N

’Ara: w6
4 = w2

4, w4
4 = w0

4, w9
4 = w1

4

EpÐshc: w1
4 = −w3

4

’Ara:

X(0) = x(0)w0
4 + x(1)w0

4 + x(2)w0
4 + x(3)w0

4
X(1) = x(0)w0

4 + x(1)w1
4 + x(2)w2

4 − x(3)w1
4

X(2) = x(0)w0
4 + x(1)w2

4 + x(2)w0
4 + x(3)w2

4
X(3) = x(0)w0

4 − x(1)w1
4 + x(2)w2

4 + x(3)w1
4
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O TaqÔc diakritìc metasqhmatismìc Fourier(FFT)

A = x(0)w0
4 + x(2)w0

4
B = x(1)w0

4 + x(3)w0
4

C = x(0)w0
4 + x(2)w2

4
D = x(1)w1

4 − x(3)w1
4

=⇒
X(0) = A + B
X(1) = C + D
X(2) = A−B
X(3) = C −D
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ApodekĹtish sto qrìno

x(n)
DFT⇐⇒
N X(k)

• Ĺrtiec timèc tou qrìnou

x1(n) = x(2n), n = 0,1, . . .
N

2
− 1

• perittèc timèc tou qrìnou

x2(n) = x(2n + 1), n = 0,1, . . .
N

2
− 1

IsqÔei

X(k) = X1(k) + wk
NX2(k), k = 0,1 . . .

N

2
− 1

ìpou

x1(n)
DFT N/2⇐⇒ X1(k), x2(n)

DFT N/2⇐⇒ X2(k)

epÐshc

X1(k +
N

2
) = X1(k), X2(k +

N

2
) = X2(k)

kai

w
k+N

2

N = −wk
N
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’Ara

X(k) = X1(k) + wk
NX2(k)

X(k + N
2
) = X1(k)− wk

NX2(k)
0 ≤ k ≤ N

2
− 1

PetaloÔda FFT

(
A
B

)
=

(
1 wk

N

1 −wk
N

) (
X
Y

)

Upologistikă Poluplokìthta tou FFT

1

2
N log2(N) flops



Enallaktikèc mèjodoi
Trìpoc apodekĹtishc

• ApodekĹtish sto qrìno

• ApodekĹtish sth suqnìthta

Domă FFT

• me bĹsh to 2, 4, 8, 16 ...

• me meiktă bĹsh, pq. 2/4 ă 4/8

• anĹlush se ginìmeno prÿtwn arijmÿn

• anĹlush se ginìmena Kroneker

• algìrijmoc Goertzel
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Metasqhmatismìc DFT kuliìmenou parajÔrou SDFT

• Săma x(n), n = 0,1,2..

• Măkoc parajÔrou N

x(n) = [x(n) x(n− 1) . . . x(n−N + 1)]T

U(n) = [u0(n) u1(n) . . . uN−1(n)]T

x(n)
DFT⇐⇒ U(n)

uk(n) =
N−1∑

`=0

x(n− `)wk`
N , k = 0,1 . . . N − 1

’Ara

U(n) = WNx(n)
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• Upologismìc tou SDFT me anadromikĹ fÐltra prÿthc tĹxhc

uk(n) = wk
Nuk(n−1)+(x(n)− x(n−N)) , k = 0,1 . . . N−1

• TrĹpeza fÐltrwn prÿthc tĹxhc

uk(n) =
1− z−N

(1− wk
Nz−1)

x(n), k = 0,1 . . . N − 1

• StajeropoÐhsh z−1 → ρz−1, 0 << ρ < 1

vk(n) =
1− ρNz−N

(1− ρwk
Nz−1)

x(n), k = 0,1 . . . N − 1

ă

vk(n) = ρwk
Nvk(n−1)+

(
x(n)− ρNx(n−N)

)
, k = 0,1 . . . N−1
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