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(1) & » 2 B & # 3%k 4,477,878 % B “Discrete
Fourier transform with non-tumbled output” R f
% ¥ % = & # % # ( nmulti-bank memory
structure) » B @& > #H A r(radix-r)HE8F > R 5
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(2) & » 2 B & # 3% 5091875 % % “Fast Fourier
transform (FFT) addressing apparatus and method”,
£BREH AL 20060253514 & A “Nemory-based Fast
Fourier Transform device”, X R 2 #f % X L. G.
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Johnson “Conflict free memory addressing for
dedicated FFT hardware,” IEEE Trans. Circuits
Syst. II, Analog Digit. Signal Process., vol. 39,
no.. 5, pp. 312-316, May 1992 % - 51 X & B €
A ro BrEEERALREA N=rn K&y FFT ¥ -
X RN EARETEHM TR 3780 & FFT R HF R
PLC A = 3072 2 FFT &9 L 8% » A7 3 & 4 o AT & 4
Br 4 sk 3 4F o |
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(3) &# A & # 3% 7062523 &£ A “ “Method for
efficiently computing a fast Fourier transform”
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(4) 4 & A 3% 7,164,723 % % “ Modulation
apparatus using mixed-radix fast Fourier
transform”, B A #%m X B. G. Jo, and M. H. Sunwoo,
“New continuous-flow mixed-radix (CFMR) FFT
processor using novel 1n-place strategy,” IEEE
Trans. Circuits Syst. I, Reg. Papers, vol. 52,
no.5, pp. 911-919, May 2005 8 A WX 2/4 Rfv &
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& FFT E A -
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(5) 2B &F M » 3% 20080025199 % A “Method and
device for high throughput n-point forward and
inverse fast Fourier transform” 4% & 3780 & =T % ®
% # (candidate decomposition) > ] 4 » 3780 =
Ix3x3x2x2x5xT o H£ 4 MDC M EF A BME M2 H ey FFT
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(6) TR FAK 01140060.9 & #73780 w14 2 ¥ %
BREZAKRAEEE - T A EAHK 03107204.6 % ®
#7782 #A 3780 = IDFT/DFT REZ XM Z HALZH AR E S
B PR E A KK 200410090873.2 B ABVEA A &K
HMEEFAFTRIBOBHEHRE L ELR” - TR EFH
P 5% 200610104144.7 &£ 473780 M E L E R KR
BR"RAERTBAEAH LMK 200710044716.1 & # 7R K
Ry 3780 BB HEE L BAEZE"F LAEEAT
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(7)) #£#%H»x Z.-X. Yang, Y.-P. Hu, C.-Y. Pan, and L.
Yang, “Design of a 3780—point' IFFT processor for
TDS-OFDM, ” IEEE Trans. Broadcast., vol. 48, no.]l,
pp. 57-61, Mar. 2002 A4z 4y 3780 & FFT R 2 5 2
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KA BRI BRABBABHBERGLER R Z S XL
# 3% x ”IEEE TRANSACTIONS ON ACOUSTICS, SPEECH, AND
SIGNAL PROCESSING, VOL. ASSP-25, NO. 3, JUNE 1977~
% # U Index Mappings for Multidimensional ®
Formulation of the DFT and Convolutiony ## & - &

B A AT EE N=NIN2 2 A H X (1)he st 3R eg

n=Nym+A4n modN n,k=0,1,..,N -1
k=Bk +Nk, modN n,,k,=0,1.,N,-1 ( 1 )

FREX(1DHFHZE n 8 kK est 5HE 2@ E(nl, n2);
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n=945n, + 2836/, mod3780 n,,k =0,1,2,3
k =945k + 4k, mod3780 ik, =0,...,944 (6)

Py FERZ 0 g hOEOR Bpd [0, 3TT9]%
[0, 3] x [0, 944] ok — % °
% —
BomHEziERng

nl=0 nl=1 nl=2 | nl=3 "
7y =0 x[18 | x[2835
x[0] x[945]
90 ] ]
iy =1 x[94 | x[1891
x[2836] x[1]
6] ]
=2 x[2837
x[1892] x[2] [ x[947]
]
7y 944 x[28 | x[3779
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oo B AMEA A (nl, 2)= (0,1), (1,1), (2,1 A&
B, D 2o rzEHAE x[2836] - x[1] -~ x[946] &
x[1891] > v &k — PR = ©

m

BAERE 4 BERREGIERBB I REEATHS A
AR ZHEEZ2 # T2 FRA(DBEH»HEAN

-

BlieEERBERE —MBERZIEZBBEER -
® , bank = nl + x mod7 (7)
BEE-—MWBEKE BHEHCHI»EAE 48 945 %
MR MrERB B S > 5 HEN k1= 0, 1, 2
& 3
Bl M > AR B 9 R T % 945=3x3x3x5xT Z B F » A
Lz 945 BB E X E R K THER RS AR E
® m&n&nmnanm’WQm,Mum%%m,ﬂ@m
C2x[0, 2] [0, 41x[0, 6]
BOAMEZAENRATER BT AR 3780 B ik
BB L EBBRUEABEAZIREEEZRSG TR o F
BXB)R(DMR AEFBESAAAF £ KX (10)1
BEioREER  TuFZEABNTHAFILA(L)-
n = 945n1 + 126002 + 2940n3 + 980n4 + 1512n5 +
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540n6 mod3780 (8)
k = 945kl + 2380k2 + 3360k3 + 2520k4 + 2268kd +
540k6 mod3780 (9)
bank = nl + nZ + nd + n4d + n5 + n6b mod7
(10)
address = 135nl1 + 45n2 + 15n3 + 5n4 + nd
(11)
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E o FEREHZRRE L ERRE L HERRRS
¥R LzHANETHN xeven[n] B BN S B3 31
EnpgaziH e TH Xoddlklz 8 - mEMHMH%ELE @
k=n - R st iR 2R ERaur o Xy
(10)#E(D)RrE -
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FEEBEHRRALER BT AR BR X 5 BRI & T
B > JrBp 3780 = Tx5x3x3x3x4 > T 2 » KEHLKR T
2~ 5% ~ 3% ~3% -3 BUR 4Tk ERKZIE
FRATHE BEBEUF X AFEATREEHHRRME 2
TRz EaAGEERems 2 (2)AR3)
HAERBEUNEBEFRRAILERBR T AITIELEBZRH S
® ZXBERD > 72K (IDRADTHNEHAHZ 1A H
hA2 k s 4t B 2 (al, a2, a3, a4, ab, ab6)# (bl,
b2, b3, b4, b5, bb) FFEb[O, 3779]er & A [0, 6]x[0,
41x[0, 21x[0, 2]1x[0, 2]x[0, 3] » A=zt & £ & ik 14
IEBBF -
n = 540al + 2268a2 + 2520a3 + 3360a4 + 2380ab +
® | 945a6 mod3780 (12)
k = 540bl1 + 1512b2 + 980b3 + 2940b4 + 1260b5 +
945b6 mod3780 (13)
FamAasEmEEZF 2RI R AE(B)A(13)
HREWLR  THRAEMAITRABUARAFOZ WA KL
& do H A2 X (14) R (1D A« -
(al, a2, a3, a4, ab, ab) = (k6, kb, k4, k3, k2,
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AR E T EGHRFT xeven[n]Z A FH %
R ERAaR TR AR iR B FAGE EH
Xodd[k] =z & > mMmHF R 2144 k=n> & T F 2 &
RRELERBRFAZIEREESF AR B IR F £ X
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bank = al + a2 + a3 + a4 + a5 + a6 mod7 (16)
address = 135ab6 + 45a5 + 15a4 + 5a3 + a?2 (17)
FaE o omAawmstFzEA(2)a2Hm B sy £ X9
AE B AEEEIRLAQOAA)FIRFMBE - £
B REHRRRE L ERBRAAZHENM  BaEBE @
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5 —BARe R AAHR 2 3780 MG L E R
RIEBZNXIFRE > EF MEM_1 &2 MEM_2 A= E®R
(memory block) » & & & & & T 48 3 % & (memory
® bank) » & @ ® B KX/ A 540 8 F » FFT_CORE & & =T % 3
REOHBUAIER R ZRAEZE L AHELEEH
BE L EBBRmEOGRABRH B RFEKRE KR L
W RARRFEEAMERBEE BHNEALAITEHEIRAR
aRERELZNE -
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BRE-—Baf _BRERETERRFALNHEEN
e E% MEM_1 % MEM 2> £ &% — 188 % — 188 44
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L EZRHA - KBEHT % -

(DE—~FE A+ BREIERBRE AR
R EBRMEM_ 1 AR FE—fBAFHTHE -

(DE =~ xFto. BEREIERBF O GEEN
B MEM 2 B X E -8B AT E -

NE=-~ € -+—+E2. HHBELEZBRFALLHST
N &k MEM 1 B X8 — BB A E - ®

DFwm -~ N>+ = ﬁm%ﬁﬁiﬁﬁﬁﬁﬁ%%ﬁ
Nk @Eig MEM 2 B g —@mMEFHHE -

BRA 2@ F_B PEUKEHA N=NINZNI = & #&
BIEBBRAGARARFEHERATHEEDETZIARR
ERFX - wFE BT R4 dHMAREWE Al -
A2~ ...~ A5 @ - AEFNEATELS 3 ELBRABRKRS
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(D -mE JANRANEALBEBHELER R
FEEHNEROE  HAGTEaREE - AR RLEFZ
4 q Tr%A 0B Ad A TTER -
TR _BTUAEREBAEAR I B U E L EHIBLR T
® SR} ARFFERAAFN LA LBKER - HAERB T » £
AEAEF EFA[ELFBREMN 4,477, 878] T X #E1Ef — K A H
ZRE BRETEMNBEHKEZRRELIEGR - KD
ATk [ABEAH 4,477,878 kA R E WA R
Z % w8 % %4 (nulti-bank memory structure) > BH M
xRV RERAME ZHEFEFRK -
® A AR EERBRAA S IR R E T E R R A
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[A1]: 2 B & 4] 4,477,878
[A2]: £ B & #] 5,091, 875
[A3]: £ B % 4] 7,062, 523
[Ad]: £ B % 4] 7,164, 723
[AS]: 2 B & 4] 2 20060253514
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[B2]: %% x L. G. Johnson “Conflict free memory

addressing for dedicated FFT hardware,” IEEE Trans.
Circuits Syst. II, Analog Digit. Signal Process.,
vol. 39, no. 5, pp. 312-316, May 1992.
B[3]: % x B. G. Jo, and M. H. Sunwoo, “New
continuous-flow mixed-radix (CFMR) FFT processor
using novel in-place strategy,” IEEE Trans.
Circuits Syst. I, Reg. Papers, vol. 52, no.5, pp.
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For a large size FFT computation, the present invention decompose it into several smaller sizes FFT
by decomposition equation and then transform the original index from one dimension into multi-dimension
vector. By controlling the index vector, the present invention could distribute the input data into different
memory banks such that both the in-place policy for computation and the multi-bank memory for high-radix
structure could be supported simultaneously without memory conflict. Besides, in order to keep memory
conflict-free when the in-place policy is also adopted for 1/O data, the present invention reverse the
decompose order of FFT to satisfy the vector reverse behavior. The proposed approach can minimize the

area and reduce the necessary clock rate effectively for general sized memory-based FFT processor design. .

Further, the present invention applies the proposed to the 3780-point DFT processor for the Chinese
DTV application. Compared with all the prior arts, the present invention only needs 2N words memory to
achieve the in order I/O data requirement for continuous data flow. However, all the current patents need at

least 3N words memory to achieve this system requirement. Here, N is the DFT size, 3780.
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