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H( ) (2.1.3)
H() = b =@ 1] @(t)cos(wt) dt  (2.1.3a)
Ho(w) = .7--: = (2N lﬂ[_wx(t)sin(wt) dt  (2.1.3b)
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Fw) = (@) 1§ x(t)e " dt
= (2 1*|_wx(t)cos(wt) dt - i(an 1§ x(t)sin(v) dt
= ReHF(W)L + iImCF(w)3

ReCF( ) ImCH( )] (Real
and Imaginary part) F(w)



ReCFw)] = () 11 x(t)cos(wt) dt (2.1.4a)

IMCF(w)l = @) 1] x(t)sin(wt) dt (2.1.4b)
(2.1.3) (2.1.4)
! ! (2.1.5)
H () = ReCF(w)3 (2.1.5a)
H( ) = -ImCF( )1 (2.1.5b)
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oo H( ) = ReCF( )1- ImEF(w)
| F() = H() - iHo()
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HCkl = r>:Oerl'Jcas(27mk/N) 0skEN-I (2.2.1)

cas(0) A cos(0)+sin(0)



xCn: =N lk:EOI-I-kIcas(ZYmk/N) , 0«n N (2.2.2)

HCk: (2.2.1) xCnll
(2.2.2)
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HCk: = I;OXCnIIcas(Zwkn/N)

= E xCn:cos(27Tkn/N) + E xCn:sin(27rkn/N)
HCk: = He Lkl + Hock: (2.2.3)

He Ck: HoCk: (even and odd part)

HCk: (2.2.4)

H ck: = MOk + HCk Ey XCniicos (27rmkiN) - (2.2.4a)

H ck: = HOk - HCK E xCisinTTakiN) - (2.2.4b)



(2.2.4) HLk3 -k CON-1D
HCKH !
N HC13 HON-L H HCN-K]
(2.2.4)

HC3 = HCKi +"HONKi

E xCnlicos(27mkIN) (2.2.5a)
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N 1xCnDsin(27mk/N) (2.2.5h)

FCk3 , XHri ?

:

n:ZDXCnDexp(- j27mk/N)

nZDanC%cos(ernk/N) - IZOan3sm(27rnk/N)

FCk3 = ReCFllk: + ilmUFIIKD (2.2.6)

ReCFCk3) = EanScos(Z?mk/N) (2.2.7a)

ImCFCkin = - E()anSsin(Z?mk/N) (2.2.7D)

ReCFCk33 ImtFCkID FCkJ
(2.2.5) (2.2.7)

H OB = ReCFLKJ] (2.2 8a)



HQCK] = -ImCFCK]] (2.2.8b)

(2.2.8)
HCK] = ReCFCK]] - ImCFCkj]
, FCk] = He k] - iHQCK]
(N) me
(Fast Fourier Transform,FFT)cil]
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2.3 (Fast Hartley Transform,FHT)
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6: LA radix-2,
radix4,PFA split-radix C9], 113111411 radix-2
radix-2
radix-2
xCn],0 § « N-IN=2P

N/2
2
"permutation
bit reverse"
permutation
C6 ;15 P-1
(2.3.1)
P

HIkJ = HnCki + HZn+1 klcos(27rkIN) + HZn+1CN-k3sin(2?rk/N)
0 «k « N-l (2.3.1)

HCK ) N Ho H_ HCki
k NJ2
2.3.1 1 orl
N cos(27m/2L) sin(27m/2L) L

decimation-in-time(DIT)
2.3.1 decimation-in-frequency(DIF) 2.3.2
2.3.1
DIT permutation DIF
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x[0] H[O]

xig] XN\ \_/ Hi]

X[4] \V/4 /[ Hei

xfe] X/ W/

X2l N/
W/

X[10] A_§§_T X His]
x[6] N LA H[B]
] ok AN | e ) Hi7]
1 1 R H(8]
o] X\ Hio]
x[5] AVA Hl10]
x(18] _7 H[11]

x[3]

x[11]

2.3.1

x[0]

7
x(7] X E;é 5
x[16] \. 7

x(]

x[2]

x[3]

x[4]
x[6]
x[6]
x(7]

2.3.2

H[12]
H[13]
Hl14]
HI15]

[n] =HIK]
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ha permutation

DIT DIF M) A 8
' (2.3.2) 93
A = IN(log2N- 1) +2 = 15NP - 15N +2 (2.3.2a)
M = N(log2N- ) +4 = NP-3N+4 (2.3.2h)
DIF DIT A

4 (2.3.3)

A = 3N(log2N - 1) + 4 = NP - N+4 (2.3.3a)
M= 2N(log2N-|) +12 = 2NP- N+ 12 (2.3.3b)

DIT radix-2
DIT radix-2 2.3.1

(P-DN+8

( 2.3.1)



2.3.1 (A)
DIT DIT
H:]'

PN ﬂ ) A
12 4 )
2 4 18 8
3 8 5) 4 B
4B 148 8 l
5 3 3% 108 19
6 & 08 R 18
718 2308 08 1,154
§ X 5380 2318 2890
0 52 1229 4820 8,146
10 1004 27852 1334  138%
1 48 8L4d NN 3072
0 48 1B172 89844 67586

2.4 (Power Spectrum)

111
XLril )
FIKI = ReCFCKU + ilmCFIIKI

“ PUk: xCnl

PCkl = ReZCFIIkIl + Im~FCKII

? (PCk))  k
fk =kfJN 3

13

516
1,284
3,076
1,112

16,368
36,868

“ FCkl
0« £ N-1
(2.4.1)

(2.4.2)

(Sampling



Frequency) (

1110
Sampling Theorem)
(f) ' X(t)
T =1
' Ts
=T
T§$T :th
fol2f
(2.4.2)
(2.2.8) (A
(2.4.2) ,

(Nyquist

PCk: ReMFUKIm + Im2CFCKD: = H CkJ + HO Ek:

HCkI + HCNKD - HEM]-ZHCNkD-z

L 2 L

(2.4.3)

(2.4.3)



_ ImCFEK]]1
= arctan -RiCFUkH.

(2.2.8) (2.2.4)

(2.4.4)

_ HCN-k; - HHk:
= arctan eV + HCKid

_ HCN-k:/HCK:) - 1
= argwn .EHCN-k:/HCk:Z 1

~ - g/ \
arctan -x+)¥- = arctan X - arctan y

(2.45) X = HONKUHCKI  y=I

. rHCN-k: =
=arctan Nt - 2

(2.4.6)

)

1 ( (2.43))
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DIT radix-2 2.3.1)

01.9387

(2.4.4)

(2.4.5)

(2.4.6)
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