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1. 3 AH &
B 7 — 1) & (Discrete Fourier Transform, DFT) &%, N O#EFZT— 5 RY

(fuy, n=0,1,...,N—1
2Rl T

N-1
F. = ngo faexp(—j2mnk/N),
Fk:FN+k:F2N+Iz:-.., k:O,l,...,N—l (1)

LD EFEINLIEHTH D, DFT 1T 23R8 %8 E L L T FFT (Fast Fourier
Transform) 7L T Zabvib b iz L {MbsnTwb, Ly, DFT 27— =%
DFHEIZHHT B2, WOTL NETXTO Fr LRV ) DT TR w, 2D &
FUBEEPIZ TRDEJIZEBL TR W LRWY =T 4 > 7 D7 AT T L0555
PEEnsT, 1HEDLDDHED L SN LNETERDL ) L) L &2V —F
LT b A58 a b v ) DIFEERZ, L) DI PUTw 5, Y

mEIIINZ TS, T4 P2 ILBEIZBIT 5 PSK (Phase Shift Keying) 1§57 B #
27 P A FERIEESRIC L > TEDOY A Fo— 7oA T 2B EEF >~ 2
DTHE L THBE X 2) BV T, MENRML 5 £ CAET R, B DFT Oft#E
2k ->T8 FFTICL 2 & D IR ABMETE 52 L 2R L7122,

KB TIEE T|RAIC, DFT & 7— ) 28l b s 7— ) mflid s DERARE L,
#12 DFT O¥IEAEIZEBEL ThobN B/ 3T A—FDEREHEL 22T 5, KIZ, D
CED 7 aBBmORSLEN BB E LT, HE LA, 3ACOLA, KILOLA, TE
LN Z2 2D T (WFNR LI SV R), DFT 37 2 —5 (IREER & mEn >
7)) > JERRIE) & BUEFTEBEOBR (NI T 7 — ) 2RI ER O B
#30, DFT 124 57— ) 2 BHOFIEIL, C0 L) s A A K& & - THIREDET
@ ER ), BLUOAREN DFT §t8E & FFT & THAERMOLE LT,
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2. 7—1)x¥#HE DFT OBAE
2.1 DFT 2t 27— 2 ERDHENERE
W f(t) n7—) =84 F(f) 1%

F(f) = /::f(t)exp(—jZﬂft)dt (2)
ThHod, f()H»EEAOMITIZX e TH 2 EE2 2L PLEER), @R
A2
F(f) = [A/Zf(t)exp(—jznft)dr (3)

E% B, I TT>A &b EALEH T 2IREL T, () » L ARBERE /(1) 2 5
(H1)e fr(t) RABERTH B0 56, RO7—) ZBRBUICRFEI TR TH 5,

fr(t) = 3 cuexpG2nkfot), fo=1/T (=0 << o) (4)
—%, fr(t) &F(t) DB fr(t) DERED S
() =rf(t), —A/2st=sA/2 (5)
DBEA B D, koT, @RE B RE LY
f()= 35 cexp(2nkfe), fi=1T (~AJ25t= A2 (6)
Thd, 7V THK iz WR L
ex = 1T [ fr(Dexp (— j2akfit) di

ThHoEH, 6)RDOBFREHNS L,

\ (0

/N

-4/2 0 4/2

, Fr(D

t
B 1. IRSZWRZ f£(8) > 5 RS L5 RN £ (1)

-4/2 0 A/2



BT — ) TERICL 27— ) 2EROGE 287

A/2
Cr = 1/T/_‘A/2 f(exp (—j2rkfit)dt
E7 b, Tk B RNEPILETS &
TC;; = F(kfo) (7)

DPRLND, Thbb, #ig A7 MLOREET > 70l F(kfo) 13, @472 B8 T 21K
FELT7—) B e 2 HBLN 5,
(O D1ET » N EST 2% 7Y > 7T, H> 7Y > 7 7)1

T.= T/N
THb, t=nTh &L T7—Y) ZREDOBEREHEIIZ O RLY
fr(nTh) = kgw cxexp (j2rkfonT)
TH 5D,
foTh = fHT/IN =1/N
DEERIZ L
fr(nTh) = kiw cxexp (j2mkn/N) (8)

Eb, frnT)IE nlc oW THIEN 28> (M2), 72, exp (G27kn/T) 13 nizDw
THLERIZCOVWTLRAEBNZL D, LoTB AL, cx VEEN 2L DZ &i2% b, L7z
T, 1 REERDEFH Tl

F(D

s (D

KU NT=1/T f
fO:I/T

T1 T1:T/N

2 ERRRY T Lo 3 YTy 7 A
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N-1
fr(nTh) = kgo crexp (j2nkn/N), n=0,1,... N—1 (9)

THb, —MITIT e ld e ICFL LV, ZOBEHITAND2OTH B,

1) 8D T, NTRRY>7") v FEBOEME (> 7)) > iR & B o8 &
DER) Rl L T WA »H 5,

(2) HREEFHDOBEENDZT F WVIZEBBRKOERBE S 2 28, L7255 T, FARIC
T2ZzRECESTHANZ PUVRELNI), &<I2, BEEOEL k513 8=
()T 78BE) DEIIREC LS, %), DFTIcL 27— ) 2Lt
13RI @ & e v,

T =1/ Thohb, TIFAT PILOREESREEL RS S, KOS HEEE (F

TN TR Ti=TINIZAXZ CNORMEF =1/T\ 2Hb, $EH5B L,

N—%FT T~ K:REHSEE> A, )70 FBE-k

T — /)~ n - K, " —/)N
T —%T N - K BEBSHELIE, Z =)
N - /N /] s n —K

k5T, [TONLHBREULAE & 2UESD S, ]
2.2 7—1) xffsk: DFT OBfE
7— 1) M (9) & & DFT HZsHts
F(k) = % f(n)exp(—j2zkn/N),  k=0,1,..,N~1
f(0) = 1IN S F(k)exp (j2xkn/N), n=0,1,..., N—1
FHBT B2 LI LD
c=1N 3 f(mexp(—j2nkn/N), k=01,..,N~1 10)

PHREND, 12720, fi(nT) kb S720T f(n) LBV, THAT7—) % E DFT
DEFRTHE, L5,

F(kf)) = TIN Ng.; F(n)exp (—j27kn/N), k=01,.. N—1 1)

TIN ZEHTH Y, 8%, Fkfo) & k=0 TOMTHEBILT 255, Z0EHOMHEITERE
B TZH N W,
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3. DFT (& 37— ) T EMOHEDO7ZNLTY XL

1) 37, dAHOEENLS, f(1) 2B 2, 2k, 7)) 2 EHRIEE
&%, RESMOFAEDNFHEIII LT B,

2) W2»6bhd L)z, f(n) DEEIKBSEeTHE, 22T, WD Z % f(n)
e TEWESF2DIChiT b, Thbb, M=A/Ti LT

N-1 M2 N -1
DINEIDIE DY
n=0 n=0 n=N-Mj2

EHIC, BEOICHTE D 2 FATREL T =025 M/2-1 535, ZHI2LD,
BOFEORB DR, TE% cos DENFTHE A » b, BHERIKRIEARETSE 5,

3) RKDB EDEHRIZEALEEL RS N2 TIV, kDO NICETHEAMEICLY, F
(Bf)I20<E<N/2X N2 k=< NRRULXF—2E%dhbThHb, ZITIE, A
JINDEIHA Fo—73 T2HEHMEEL DFT ICk 2 2 BT HZ L1275,

PSK I DIEMIZMIZ £ 5 27 P NVELOMETIE, 1T 4 Fa—T7ENELE 5
nE+aThs, -0, ZOBEBKED L OELEIZOWTOFETT L, BEICKE
kOBEZBRICRET 2 LIIRETH L5, T A ELEED RDVETHET 54
Ehib b,

WLcE L, MEORMHICIEL TEHET 3 A&+ LIT5 2 L2y, FHERMEHEIC
EREBRT 5,

4. FFE®RR
7 — ) RO ES THETE 25K, 3 A, RGHK, TREALKD 4TE

#&1 DFT 242 7— ) 2B EDORE & G BRI

WAVEFORM DFT PARAMETER TIME ERROR (%)
k N M (sec) 1st SL 2nd SL 3rd SL
RECTANGULAR 16 128 32 2.5 0.724 2.016 3.967
256 64 4.9 0.181 0.503 0.986
512 128 9.6 0.045 0.126 0.246
TRIANGULAR 32 128 32 4.8 2.466 8.434 17.35
256 64 9.6 0.610 2.033 4.030
512 128 19.0 0.152 0.503 0.990
COSINE 16 128 32 2.5 1.230 2.944 5.306
256 64 4.8 0.322 0.726 1.295
512 128 9.6 0.080 0.181 0.322
SQUARE-COS 20 128 32 3.0 0.013 0.089 0.564
256 64 6.0 0.001 0.005 0.015
512 128 12.0 0.000 0.000 0

.001

SL : Side Lobe
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%2 FFT 2k % DFT o3 &R

WAVEFORM DFT PARAMETER

N=128, M=32 N =256, M=64 N =512, M=128
RECTANGULAR 2.4 5.6 12.5
TRIANGULAR 2.5 5.6 12.5
COSINE 2.4 5.6 12.5
SQUARE-COS 2.4 5.6 12.5

(BA7 D+, ¥E D +0.18)

#£3 XKHEREL FFT &R B

PROROSED METHOD FFT
CALCULATED MEASURED CALCULATED MEASURED
N k b (k+1)N/4, a2N log, N,
b =0.00449 a =0.00136
128 16 2.45 2.5 2.44 2.4
20 3.02 3.0
32 4.75 4.8
256 16 4.89 4.8, 4.9 5.57 5.6
20 6.05 6.0
32 9.50 9.6
512 16 9.79 9.6 12.5 12.5
20 12.09 12.0
32 19.00 19.0

DEFIZONWTOHBERERER1IIRY, K2 A5 L TEEFEHZUTIIHIET 5.

1) DFT 28133 k 0&EiZ, TN EFNDZARZ PLDOEIS A Fu—T7FTL L7,

2) WA Fa—7nb— 73 #E o — 7 Tid% v, DFT TI3BERIE % B ) &\, BEAE
DR THOE—7ETH 5 HBEDONNENT7 — ) ZEBHBOED LRE U BHEBETHOBETH 5,

3) M3 SVARDFRRYT > 7)) > 7%, NZIRELF#OYT > 7)) > 78 TH 5,
RAERZ SV ZABDAfFEE L Twb, M, N 2872 L3, BEESHERITI—ETH5
», TN)T oy 7HERZELTIELEKRT 5,

4) FHERMOBIEIX, FEULAELZIORBEDEL, T—FDAHMNICET HRM 2R
THHEANTORTREHARL 72, 65T, £0.1WDRENH L, 72, WEATERL T3
P, ROMITELZMEEL L TN TId% (, HMMELZREIZL T3,

RIDPLRDZ ED DY 5,

(@) BEEIV 7N T7% (M,N) 22135 L1/42@PT 5,

(b) FREDHIHEIZEIZD A7 b VSFE (IEXE, BEOES) CBRT 20T, H

LH> 7N 7ETLERICED LD RS, LIS, ZR/RRGEND AT FLZ
BlEBNOTER & & IR T 2R L H bbb T3,
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() FHEERIIH > 7V 7B NICHHBIL, A+1ICHBIT S, ZNIIFTEENELZE 2L
EHICHETE S, (k)

Kiz, BUEtE% FFT TiT% 5. FFT 70 75 23 BEOL D T% {, #Hod—iz
B b DL TXE4) DLDERAL, FFTIC Kk 23 EEMZ K2 10RT, Y%RDZ L%
o, MUFAELNDHETIT) 23 ThH b0 6, BEFEIHERIIZEDLL L, FFT 0
HAIIRTEBBIZERICLE ST, Ni2d->ToiakFE b, ko) DFT DHFA&ICKEFIC &
5> TFHERENEDL - 72D, PTED b DEIEDL 572720 ThH b,

5. EtEBFREICRIT R E

FFT ot B8O wH H, stERHIZ 2N 1logN 12 HHIF 55, 3EDFEIEMED & HFlE
BARDHB L0.001360" 5115, ZORICL DETEFFEEZ R 3 CEELL TH 52 FEFEIC
SVWHEE THIEB L —EL TWwb,

AKX DFT T3, #HEHEHIZ (A+1)M THE, ZZTld, M=N/4 LT3
»h, ZHUZ(B+1N/4 &7 b, GHEEED (B+1DN/4 BT 2 £ LT, &1 OWIE#
P 5 HBIERKE KD B £0.00449 - % 5, 2RI L B BEE L AIEED 2 £ 3 I2RT
INLIEFICL—HERL T35,

FFT & AHR & TOHERMOLEL, 7L XL B2 50 THEBTIZ W, BIE
fERHNAFIICHEL THE L,

6. € ¥ U

AXLTIFhkDERE L TAXNINDEIHA Fo—7FTKDLELZZLDTH S, K
LTHEIL 72 N = 4M OFAI1CE, A7 P 2ADEL, 2, FIL—T712H725kD
fEIZRDE 927 b, FFE k=6, 10, 14, 3 AW k=11, 20, 28, s54¥ - k=8,
12, 16, 3R TH - k=9, 14, 18, IFHIHEIESRIZ L 5 PSK N A7 FrEkIC
LDTHOMELZETIE, E1HA Fe—T7OE—72brudt+aThsH, MEIZL-
TiE, LEZ ko#EEZ LX), FTEREOEME)ITIERTH S,

eEXR
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Calculation of Fourier Transform by Means of
Discrete Fourier Transform

—— Discussion on Required Time for Calculation ——

Koichi IRIE

Department of Information and Computer Engineeving
Faculty of Engineering,
Okayama University of Science,
Ridai-cho 1-1, Okayama 700, Japan
(Received September 30, 1995)

The FFT algorithm is usually used for computing actual DFT problems because of
its extremely fast computing function. However, some DFT applications do not
require to get all DFT components. An example is calcuation of Fourier Transform by
means of DFT, where, in addition, a great serial part of discrete time data sampled
from a given waveform is occupied with zero. By utilizing these two features the time
required for calculation with basic DFT is much reduced to a measure comparable
with that of the FFT.

With rectangular, triangular, cosine and squared-cosine waveform, calculation time
in connection with numerical accuracy obtained are shown of the proposed method,
and are compared with those of the FFT.



