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(1) & » 2 B & # 3% 4,477,878 % % “Discrete
Fourier transform with non-tumbled output” =X £
X #% % @ % # % # ( nmulti-bank memory
structure) B m > #» & r(radix-r)itE & » % g
A rENKAN S TN A CRBIFEL B E
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(2) & » 2 B % # £ 5091875 % A “Fast Fourier
transform (FFT) addressing apparatus and method?”,
£ B 34 2K 3%k 20060253514 % & “Memory-based Fast
Fourier Transform device”, s & 2 # % 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 % > B X E B &£ &
A ro o BB AARA N=rn KA they FFT & -
EAXRINEAAEATRE ML ERZ 3780 2 FFT K% 2
PLC B A x 3072 % FFT 4 o od » Al B L AT K 4
Bp f& 7k & 4F -
EAERARPDIBEELHE regath - B £H AL
TR A& FFTER ¥4 8 -

(3) £ B & # 3% 7062523 % # <« <“Method for
efficiently computing a fast Fourier transform”
EXHBEBEZHE ro Bk R X T HE DIV &2 PLC =
B RMA - B2 bR XS 2RREEH
(multi-bank memory structure) °» HE & & r(radix-
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(4) £ B % # 3% 17,164,723 % % “ Modulation
apparatus using mixed-radix fast Fourier
transform”, A% 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,
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EHE % (algorithm) » ¥ s T 4& N=2n A/ L &
FFT > &% B A W H 4w N=3780 =+ & DTV = H 4 Xk /)
& FFT E A -
ABRARBTIXBEETRAGEAS  AATUH A L
ER Btz #$n#de N=8192 hEERHB Y EN
BRI} AT ATURBRREZ X ENMAEMNE > B A
AT ZHEARANKE 4G FEEE -
(5) £ B & A M3k 20080025199 % A “Method and
device for high throughput n-point forward and
© inverse fast Fourier transform” 3 # 3780 & 77 &
% # ( candidate decomposition) = 4 > 3780 =
IX3Ix3Ix2x2x6xT » KA MDC ZH ET A @ 22y FFT
BEARBIVAGERIAYW B FRAIEHTHBRANTY
HR KM AR FTFETEHE AR AL —BERE
M ARER BLEEEZAERYE -4 AT EH
AHRER LRXAFERAHBEER G EL L EAHNBHH T
HAARARKREFH LS BRUSAFFSMBERME o

(6) + R FAK 01140060, 9 % 4673780 = At 4k 1 2 £ %
O H#REZL24R2A4A&#” - TEZAHE 03107204.6 4
7R A 3780 = IDFT/DFT RE B 3 Rk A% R E F

B P R E A A% 200410090873.2 £ A H &
RREF TRV BRMALERR - PR EH LD

M 200610104144.7 & 473780 Sae ¥ r £ B &
EEUETEEAHNNME 200710044716. 1 & &% k&
GEHG 3B BREMEESRAREE"E Lk AT
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AT 3780 BB A A B M E & (pipelined)E # = FFT
RES HAARENEBNTEEZAIHNEHAS LB
BRENBFANEN -4t HAFTHRL2ABRAZE LM
T ORFBEAGEENUARIBESE TR AL R LA
W BT HERELE > PEFAE 01140060.9 % 473780
BEMKMEFIRATZALAALEH " URTEEA
© 5% 03107204.6 ## A A 3780 % IDFT/DFTRE £ %
REAKBRE TR RESEZ N FAY KB EY;
B EA A% 200410090873.2 A& A A RER
BHFAFRIVOBRHALESR” - PRHEANLHE
200710044716.1 > &4~ R KK &My 3780 Bk 2
FYRAREE"REVEENFANEZRBEEN; TR
FA A%k 200610104144.7 % 473780 e i v ¥
BRREB” REVEZONFAmRRBEEH -
MABAE  AEAEMELEE 2N FAaw e B EHRET
RofB T - ¥ B %o R oH AT R E A R
01140060.9 ~ + B £ # 5% 03107204.6 s &R + B & # »
Bsk 200710044716.1 2 M B EHEFRA A A ey > B i
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(7) #&#%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.l1,
pp. o7-61, Mar. 2002 Ar42 &y 3780 % FFT & 22 = =
W AMRERRFHS - BTRARESS > L E B —
© BB ELEN B HBEEN B sV EE IN =
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BMLFER ERAEAL L EEEE N FAZMG 2%
B
(&9 mzx]
FEN LR AN KB OBRE  AFRARE —Fha@
HERRZHFARD T ERBRBRALFT 22 A BB A
ER2EFHHE/Z ORI AL ERBAT SR &
FEF-RABHBS
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BRRE AL ARREHGATHN I RAF A HELER
o RERAEFELARBEIREROFATRAG SN E
MEMEREBERAZRBE R EYBLH - RGFRYBH -
ARV ERZEBERL EEMHERER LT
HEABHWEATAHKRAREANERRKREBAS A THE
HAMHM TR GH AN EREALT BB HE > K5
© NHNFEHRGHERRBEANEH ST ESORFH 4 4L
R BW - TR O HNEITBHIRERBE ALY R
MRREIFBBRREZSRITRAKN R IR E S B H
SLATE 0 R AF AR -
ARARBZI U ZRBAAR IR M I E BB AR
SR Raes —ARFREHZETEZEE - — A U
PN TSP MRAEB BRI A IR BB ZRE AN XA — 24
EA RAYSEHEALAZH R TRAIZSE (D&
AmBEAHENRETRA I oM (DrBAZED X
RREBITEBBZFERAF > RQUREHERI X &/
FMHAERAEZZEEENE - AUABMITEERZ FiE -
[ &% % K]
CATHERLAEGERNAY > BB AEHZ AP TR
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Bl A F

N-1
X()="3 x(nywk

BEREGIERKZ TR S n=0 o M kB M B
BALERR S BAHB B ADHERELEG R T2
4 % X ”IEEE TRANSACTIONS ON ACOUSTICS, SPEECH, AND
SIGNAL PROCESSING, VOL. ASSP-25, NO. 3, JUNE 1977
% # ' Index Mappings for Multidimensional
Formulation of the DFT and Convolutiony ¥4 & - &

BHAALUNBHEENNINZ 2B FREX (D) w1 H

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

FRA(NDBHER n & k st AE2 A F (nl, n2)@
(k1, k2) > % £ & & — 4 Z[0, N-1]oe s & — 4 & [0,
NI-1] x [0, N2-1]- # ¥ 4% A2 # Bl 2 B #E &2 mn Nl
BN2E 2tk - RAFARBZF X A (DEK
EARUN L T ¢
FR—:F N N2 EZE > (IBEARLATHMHEEZ A2 &
Bl & 4 %

A2 = pIN1 3# 8 A2 = qIN2 + 1

Bl = p2N2 3# B Bl = g2N1 + 1
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X, k) =20 3 x(m,m W Wk
mooom
=2 { Xxlm,m)W 3} wt
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= vk, m) Wy

(2)
S NI R N2EBEZH > AEMA2 =81 =1-8
HELERBRZRZRATERARFTZH2X(3)
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x(nl,
wHE
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y (kl,
WA

R -MBE N BRREIERRZBEEHEATHA
n2), nl= 0, 1, ..., N1-1- % & s n?2 Z % -

# & y(kl, n2), kl= 0, 1, .., NI-1- % % 4& kI
R AR N2 BRI E R BRI BB ATE S
n2), n2= 0, 1, ..., N2-1 - $ R b kl 2 ¥ —m &

A% X(kl, k2), k2= 0, 1, ..., N2-1- £ &
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I)RG)ZEZBANENI N2 HBZE > B E—BE =
FERMEEAE T RKX (DA TZHBRA F W
EIRFEA @ T A GBERFTER= > B AHH
Z % BB AR
ANFE—MENHE N SR TEHBRENE -
B3tH N2 g e UARE—BHEHy s
© BREB{RAL - AKERBEATHIKARIHBLREAE
(memory bank)® - B & N2=Nl B@lg Bz % &4 N2
MTHETERX(DBZAREIATH S RAERE N2 B
REFRB LT EEEHE R -
bank = nl + n2 mod N2 (4)
BrAEBERZIHALENZBIRAX()AR U)K
ARSI HERANEZEE  —BBZZRE BEREHR
B FA-RRAETZERETHBARHNE 05 NI-1 &8
NZAR s - BEABE  ALEAXT2Z2FRAXG)HK
TRMZH -
address = nl (5)
ARF—EEHKMIERRAAZHESL BBE
HEramdl SBERAd TR (DB NRIT - &8
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AR ZE —BERALIELRBIAETHRAH 2 H
B> FTRAERERZIIAKAGAE BN EHBK
HAZEAETHR - Tl > HHBREEATH x(I)E B
WHAEN X(D2E - HEF—EREAALERRY T
ZRAFHREH IR —BREHEATER B A AFERR
R R B AHE N B RN BAE -
© HEHEHF N maufriaish EUARRE —Eaud
TEBBRAEAL - ZTAF_BEHEAIERIRIAZINE
BOFAERAREHREBRIARKRABAEAFHEZARZEETHEX
FEANER FZAE&BALEZRFIAAKRE B
BRALESBRFLZHFXHEF -
LTFHATEBMERMAE 2 3780 Bk a
BRBOIF AR - ATHEZLSBRBRFEETITF A2 —
Bl o
B A 3780=4x3x3Ix3x5xT > KBEHAT 5 &7 3 B -
423 -0 BR TH2hR I ERBRAE - Ak EHA

TERBEANTEEZEE -

SR P MMA 4-3-3-3-5 & T RATHE - B —
B (4 BRI FRBOBKA >R E R (6) 473
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{n =945n, + 283671, mod3780 n,,k =0,1,2,3

k=945k + 4k, mod3780 #,,k,=0,..,944 (6)
THFTREAXKHERE n i B @ E @D Bph [0, 3779]2%
[0, 3] x [0, 944] > % % — fF 5+ o

& —
£ — MR $s AR ek 4
nl=0 nl=1 nl=2| nl=3
© fip =0 x[18 [ x[2835
x[0] x[945]
90] ]
2 =1 x[94 | x[1891
x[2836] x[1]
6] ]
2 =2 x[2837
x[1892] x[2] | x[947]
]
O
=944 x[28 | x[3779
x[944]
x[1889] | 34] ]

A-FH-FIZEHRAHLER 4 BRABIERR 2R
BRARTMN - WAMABRARISE nl- ol > 2=1 3
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ToowMAMRAE A (D, 2)= (0,1), (1,1), (2,1)m &

B, D A5 38 EZEHE x[2836] - x[1] - x[946] &
x[1891] > 4o & — ff 7% «

BN EME 4 BhRE T ERBR I BB EBEATHS A
FHRAZHER? A THESFEX(DBERH»HEAR
FlieRERBLE BRI LBEEEE -

bank = nl + x mod7 (7
BE&RE &K BREEHEOHKHIME 4 /8 945 %

RRE X E BBz B #m 5 HHEN kl= 0, 1

, 2
A 3

Fl # 36 » A T ;X 945=3x3x3x5x7 2 g & & 2

LTz 945 BB R B T E @K B RERL M A G T

(n2, n3, n4, nb, n6) > B [0, 94478k 4 % [0, 2]x[0,

21x[0, 2]x [0, 4]1x[0, 6] -

EoctMBzmAsMARK > BT R 3780 4
BRELEBRRAEIBRBAFAZREEERA TR » o F
BARABDA T AEERRESAHAF£ X0
BraeRBHER > TR FRLANTHAF£X 1) -

n = 945nl1 + 1260n2 + 2940n3 + 980n4 + 1512n5 +
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540n6 mod3780 (8)
k = 945kl + 2380k2 + 3360k3 + 2520k4 + 2268k5 +
540k6 mod3780 (9
bank = nl + n2 + n3 + n4d + n5 + n6 mod7
(10)
address = 135n1 + 45n2 + 15n3 + 5n4 + nb
© (11)
AT F—BRRELERRRAL > PR EH 2B
R ERB B Lz FTRIAVORAD T M4 2
ni HEKH ki HRNEF_EHAZRREAIERIRY T
mME  THRBIBREILERBEA L gy
FRARAZWMATH xeven[n] B M EANE R B KA
9ﬁ%&ﬁﬁz%$%ﬁXmﬂmzmﬁ’@%mw%%
k=n- R Bty HR 2R ERMEEHSH R FE X -
(10O (1) kR x -
UMTHmeAN TR rsEqundrizy
Mo BT NAAHRBRBLERERG 2 288 H
% o

HA AR B BRRE I ERRA AL ARV HEAR
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HHEHRREB L E BN LR R BIEF AT
H oo B 3780 = TxHx3x3x3x4 > -+ 2 » REEHEAL L T
B ~O0F ~3EH 3% 3B UR 4B ik Wik g
FHATHE - ROBMIRX  ABATRFERBRM
FHAERFALZRERAGLEL Gy 2 X (12)A(13)
RERBUNERR B AT EB BRI AZI R LB L4
© EX@AR FEEXUDARUDS HBHAEEZ n B
HER k st A& & (al, a2, a3, a4, ab, a6)# (bl,
b2, b3, b4, b5, b6) > BP @ [0, 3779]8k 4 5[0, 6]x[0,
41x[0, 2]x[0, 2]x[0, 2]1x[0, 3]+ s 5 4 % & % 4
TEHBHF T
n = 940al + 2268a2 + 2520a3 + 3360a4 + 2380a5 +
° 945a6 mod3780 (12)
k = 540bl + 1512b2 + 980b3 + 2940b4 + 1260b5 +
945b6 mod3780 (13)
ARG HEERFTEL (DRI A (8):(13)
HELER  TREALIATERABUARE OGS ZMG%K L
T & X (14)EA5) AT -
(al, a2, a3, a4, ab, a6) = (k6, k5, k4, k3, k2,
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k1) (14)
(nl, n2, n3, n4, n5, n6) = (b6, b5, b4, b3, b2,

bl) (15)
REHBEE L EBBEY T xeven[n]z H A TR %
ERCHFARIEHVAMATIERR S ABH LT H
Xoddlk] 2 8 > mmAMZM%hA k=n- &b T/H%#
O HPRETFBRFAZTELREAEFALER T F & R

(16) & (17) -

bank = al + a2 + a3 + a4 + a5 + ab mod7 (16)
address = 135a6 + 45a5 + 15a4 + 5a3 + a2 (17)

FEE  WARSIREA(ND)ESG H o st 2K (9)
BE - B RAEERFRANORUDTFEHHAE - £
R RBEBRRE I EBABA2H AP R adE
BRBGIEBBRAATBEAZHEFTX > TR B
BHENGFRER -

b ABRAER s S E X (13)RH A%
HITRABTARRE  EHLEBE—BREALEE%
WA FH xthirdn]EACH E TR EHBR AL BN
B HAHM Xeven[k]z M BE 4 H ¥ k=n 8> % % =18
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B)~ (MOAR (DA X E4ME » B % =Bkt
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MAERMLE —#d XD B LT RWGKE  xthird[n] -

xodd[n] -

REAELEZTHSG AFATHO BB LT 2 hi

O BLEBURBATRBEF  ZH LS CRBHERZTHA
BRBEMIFERBAETE > LTRSS 8 s 5
BARBZEHNE®R

FoBhoe s Ad 2 3780 WA KKk
REBRFFHRE - £+ MEM_1 2 MEM 2 B owmEER
(memory block) *» &% B & & 4 7 /8 2 & B (memory
bank) » & e & B X/ % 540 /8 % > FFT_CORE a2 5 %
REGGHBHA I ERBRIATEA > LHE LG
BEMILERR TSR ANR RS ETRE LR
AT ARHAEAMERBHUE  BHEAIEERER
BrRERELZHHA -

UTHRAERMIERRAREZ 2 E A MA -
REPAA  AhZTEE —HzH BAGAEAERERE 4
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ORI E - 3H LB RTHERE T ERK - B

REBBAZRAS —HIWEA RKB T 2 -5 2 -3

T 3B 3B AN RS

BREF—BEF —BRUBLBEEBRS A HEERN

WiR &R MEM_1 52 MEM_2 > #g% % — 1B #F = 18 & $1%

CRBRBAZ T MRAT LA S LS —HIEAF > RIRE
© SULEL2RHA > KBEWPT4
(DE—-— "2 A~ +Z . BRETERBRG AL RN
WRERMEM_1 B % — s At g -

DF =N+ o BRETERRE A BEE R
ZRERMEM 2 A ¥ —HE A5 5 -
(@%i‘t‘+*‘+£m$ﬁﬁiﬁﬁﬁﬁﬁﬁ%ﬁ
R ER MEM_1 X % —%g 53+ 4 -
(DFB Ao X BRATERR T ALEE
RRREER MEM_2 B X & — M\ AH A -
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EF 2805 ARNEALEHBANRABHEMEXIHERLSE >
28 U1-02-3-MU-qAArhasLMEaEzsmrEX
(DAZ - Mm% JAARXAREL LA EaB R AT EHR
MMEEMHSERGE AT EaRat— AR R A L2
28 q 1r'%h 0B Al ADTT 2B o
TR-_BIAIURZIRBAA R I BHELER LA E
© SRHZIARANEBASEHLBRER - A AL ¥ {2
EAREFER[EFBREFN 4,477, 8781 T £ #4247 — 2 A #
2R HEFEMNBRREZRRA L EGK - KW o
WA [EREH 4,477,818 A KRB 2B RER
Z % %2 %E # (nulti-bank memory structure) > B @
BRI EANE B -
ARARDUNZRBAEAR 2R M E R R T
SRFAFEZ  FAETEAGSEXNT=FAH  (1)5HE
HERANBGHE AN ZIERER (DETEHZRS
LICIEE-EEX £ &5 X
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%) =
ABEHBERRF k2B
[A2]
[A4] | X
[A1] | [B2] [A3]
B[3] |®#
[A5]
B X
TR | B E A¥E-1/ K
& ¥ & -
— &% |#-r 2/4 — f&
r
T H
- o & = o
#
2N 2N 18 (2N @8 |2N 8 |2N 18
ERA A
B F | F F F F
% & %
& - % - .
% R
[Al]: 2B & # 4,477,878
[A2]: £ 8 & #| 5,091,875
[A3]: B & # 7,062,523
[Ad]: £ B & # 7,164, 723

[AS]: 2B &4 2 B 20060253514
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[B2]: % x L. G. Johnson “Conflict free memory
addressing for dedicéted 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,” [EEE Trans.
Circuits Syst. I, Reg. Papers, vol. 52, no.b5, pp.
911-919, May 2005.
S EAME  TRAARAEAFTEEANFEEKAXER A
Bz 30 m ARy EENEFIERBY
THREAGER  FARBEAHHETHARTHRABAR
HxBW  FRERAALAZEHRAZXR > [£B E 42 H
20080025199] ~ [+ ® & # 01140060.9] ~ [ + B & #
03107204. 6] A £ F 2D INfEAFzweks [TEEZAH
2~ B 200410090873. 2] & [+ B & A A B 200710044716, 1]
F 2L ON BFxa k@ [ ¥ B EF A N
200610104144.7 ]% 6N mFx @ > ®m[Hx Z. -X.

Yang, Y.-P. Hu, C.-Y. Pan, and L. Yang, “Design of
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a 3780-point IFFT processor for TDS-OFDM,” [EEE
Trans. Broadcast., vol. 48, no.l, pp. 57-61, Mar.
2002] 720 FEINMEBF AL BE - Bt bEA ®
TOOERAREF LK 3780 LEAEKMIERKEN T
RABRARA S XX HFTREEREE @ -
ABRARRE R BB AEEARZ (E/& )8k
© BILERBBREZ AR ALEZF % Ahasd: —
AAEREINZIEIZRRYE BB A G R BRMH
IRBBRZAREAHAUNRE —EZEHEL RS HELL
AEFHRTREZHE (DBEAKR BTN AR ELR
ZRXRA (DB A 2 aB BB RE L E K%z
o BRQURERER I EAEHARAE 2 RB T
B e AT LEZF ik - T EZ B BOLL_ZRERK
(memory block) » 7 BF MEM_1 2 MEM_2 - & MEM_ 1 A » 4=
RETFERBREEF MEMN 2 AIANBAREER L2
BB L HF—BEEREES M@ E (nenory bank) »
BHE—ZREZARIME NN £F Nl rEdins
BERE M AGAihnstH ATz eRbEang
ﬁﬁﬁiFH}ME%%%%?%%@&(E%&%&@
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THEBBRETEHNGE A F S BN G TR
FramghBHdRTERERLEET LT AZHEE
A ERBBE - ZEHELZE (1)BE I H 25 5 143 4]
WA EZZFLRER ALk hr @y
BRABZIAGABLEEH  -BEHEAZEZ(DEZH Y
RRAERNZIREASH  FHARARE —ZRERZ AT RB®E
© RBLERRAATRIBABRZIEFEATHE I B kM
TEBBRIAF ORGSR RATERBR S o 2
ZRBRBGILERBBF AN —ZRER T H X N i@
T EHAB - N2 BB HrERK..E Nk B E B
BBZIBFIFIHE ARENR—ZRERTZ R — PG
CEBBRB A ERF S Nk B -~ N(k-1)
BRI i 2N R AEEE - B
EAZEFQBAZEHNAREAZEINRETNERZ IS EFF
MAER  KAOBETHE - RRBRERIHLIIRTHBIAS
- ReslaENREELE —xHEBRT RT 285
MARELTHBABG L EXIHERNE £ 5 #
U1~02-U8 U4 qA T HasBRIIBIBARRE -
MEFISAARANAALS B ARG IERRAEETHY

27



201017529

qg

R E AT AaE—FRRALFTZELEH -1
%A 0 -

GEmdE  AEZFRHABELIARBRAATAZ AR
FEFX > AEAZFTHNERAD R FEHNEBARA
Zgo
[(BXEHERSA]

© ¥ B AHEAREMGERIBRRAERRIRE -
¥—B ASAKEOEALSREBTHRE -
[ 2 AR A]

FA30Y

28



201017529

2 FYXBEARE
AEAR DB IEA B RSB RS T X Rkt
HomadMuando i d s 58k tRBHLES
HE-—GEBRHASGEHELEDE - Saprdanikegy
TOARARRUBAEN SRR R Ee e o 4
REFRALARRBERBEEYEATAG SIS EH M w
F#H E#(in-place policy)fise e = st o & — %
FEREGBE - ki TEEHERBERACHE RS AW E B
HEFBMEEMERNERFRAS s ATAL T E ST
O BERHANAREAACRBHER > KAEH YN H 5
A ARRAANEHN A ESORFBELRERB S - &
T HRETRHOA LR AR S Bk iy
BAREZA N TUARK IRV AT E R AR EHEHA
BRk c AEAE SR —HERARFT A2 Ao R RS2
iE /3wy bR 4 3 4 (FFT/IFFT) R 2 % -



201017529

N RXBHBE

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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