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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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(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
A rAGREBENR IRl TH KRB PIPELERNEHE
AHEMHEDELRAEY BEHREFRIFTAMHEERTE @
225 RAR REAATHHEERMENES FK
#RE e
ABATHBIEILRBIY  AARTERRARY
EHHEAFT  HHEArvrEiH4e—ASFRKBHAN
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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 |
e AFEAEDIBEERAA SR - Bk 85 £
® GxIGFITAEREER -

(3) &# A & # 3% 7062523 &£ A “ “Method for
efficiently computing a fast Fourier transform”
I EBTHA r  BREAELZE TR DTV & PLC 2
SRR - Btz EREXESZREBER
(multi-bank memory structure) - HE &£ % r(radix-
MNEEF > 2 r B REHEGZLBEEFREHN - B i
HLERSZRREBRIREZTEZEESHHFRR TR
FFT o9 3+ & -

ABEHABRTXHFEERDSG FFT B AR T % X & 5 >
XL EBRESE ﬁxéiaﬁ%ﬁmﬁx%%%T
AR PR BBk e

(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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TR oMbz s RN N=8192 Y P REBHOHRH
BRF > AFTATUERRESRITEMNAEEN > B RE
BH"IS‘U&:K?Y:‘;_%49§&;>£

(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
BAaRBRIALE IR - LEFTREAEHNTHIBRAKNIY
FHR-AKAMm AR FTEFTEHESMAE A £ — 18 FKE
YT EE BT EREAE - Lo £AFHY
A4 RRARLREERABGEEHMNS 22X LENHLE R
MarRRABES Bk Ao MARER -

(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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REZ HARLOBHERIPFEREHNGHF R RLE

BRENHBINEH - b HNFTKR %ﬁmz X

T ORAEFHBAHEEHURIBEEEETH AL AL E

o B TiERiE® > PREFK 01140060.9 & 473780

KEELERRARESL24RALEE"URTEREA

® 5 03107204.6 £ # A & 3780 2 IDFT/DFT R 5 & %

BREAGREF R REVEFRZINFAHZEHEZM;

P EHEHNME 200410090873.2 £ MV A A HKER

B AERIBO UL ELR" PREAHXHR

200710044716. 1 &7 m KR &#E ey 3780 B G 2

EYBAEEREVEL2NFaAmeEBEEM; FH

o L A LN 200610104144.7 % #% 73780 Zb 3 18 x #
%ﬁﬁﬁ%”%i” ZONFASGREBRER

MAEATE > REAEE TR N FAHZEREZMRT

®ofk BT o # B o %k & E L YR E MR

01140060.9 ¥ ® & A 3% 03107204.6 A R ¥ B & #] »

sk 200710044716.1 =B B HERR A F 6 > Bt

P EEEY—BANFAHLRETHABIIGEHE

097141311 | o 1013276286-0



[375171

101%‘-7 )i % BERRT B L el

HRAREMBFHALEHURBERAS D -

(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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N-1
X(K)=3 x(nWik

BRUBrLERBIITRA n=0 o #% K B BB
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);
(kl, k2) 4 £ & 8 — 4% &[0, N-1]er & & = %4 & [0,
N1-1] x [0, N2-1]- £ & 4% A2 2 Bl 2B E R 5 n NI
B N2 ZM%h NABHEAREZIEY > FREIA(DGHEK
ERARA T
BR—£x N 2aNZE AERAMASTHHMAZ A2 R

Bl % 1 #

A2 = pINl # B A2 = qIN2 + 1

Bl

p2N2 # B Bl q2N1 + 1
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Xk, k)= Y x(m,m Wyt wylaw s
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e EHAE ykl, n2), k1= 0, 1, ..., NI-1- % & 4& ki
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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
x[944]
x[1889] | 34] ]

AE-vPH—F2zEHALEEME 4 BRREITERBRZR
BEATH  HGABEARAZNER nl e b 2=1 7
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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)

G EF - BRREITELBRF AL THEHZI®
AL EEBRFAZHE > FENXNNOORCAL) F A F 45 4R
ni HEHA ki H#RE_EARAIBRREIEZRT L
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 -

AT B EHRRRBIERB T LT
Hor®T RIAZHRTERBLEHFRFZZRAE
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B Ee bR ML ESBRAL AEALKRAAR
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2~ 5% ~ 3% ~3% -3 BUR 4Tk ERKZIE
FRATHE BEBEUF X AFEATREEHHRRME 2
TRz EaAGEERems 2 (2)AR3)
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® ZXBERD > 72K (IDRADTHNEHAHZ 1A H
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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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Xodd[k] =z & > mMmHF R 2144 k=n> & T F 2 &
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(16) & (17) -
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
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i KB BER o B oheks b (13)4 5 Ak
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BFRREIERBRER  ETRFEIN SRR L AT H
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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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097141311, 2 . 1013276286-0



[375171

% i ! %ﬁﬂ%ﬁﬂ IR S HNA RS

238 3% 38 S ATHENELIERIR > LK
HERIEFTRAS _BWEAE KK AH T 8 ~0 B 3
gL~ 3B - 3B A T B Bk

BRE-—Baf _BRERETERRFALNHEEN
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(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 -
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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
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