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Design for small point Winograd Fourier Transform Algorithm processor

LI Tian-yue, HE Jing, XU Xin-yu

(School of Information Technology, Communication University of China, Beijing 100024, China)

Abstract: Winograd Fourier Transform Algorithm(WFTA) is a fast algorithm of small points of DFT
applying to the non-two integer power, and its computing speed shows a direct impact on system
performance. The paper gives the design of hardware structure according to the actual situation of each
small point, which adopts shift register and accumulator-based circuit structure in the WFTA design when
the point is 3 or 4; when the point increases to 5, 7 and 9, it adopts the method of addition or subtraction
matrix factorization to ensure fast computing speed. The simulation results show that the design scheme
meets pipeline requirements, and its data processing capability is strong enough.

Key words: matrix decomposing; architecture of circuit; pipeline; amount of calculation

I A R Bt A 3 15 AT Ml A VR R R, il B b A e A A Ak A Y I KRR Y o X R 2 IR B R
P B e B I AR 3 (Fast Fourier Transform, FFT)AY Sl %, W R B SIR G R ME N F B8R T H 7406
W L Ry 22 2/ OB B SR W T o TSR o3 i ) /D RO 2 2 B9 BB, Tk A E - i Y
2 5k, BRI Winograd L AR 66 5 s (WEFTA)E A LAAR 4 b 58 i 28 ia

WFTA H & HAE N R RGN A Y, 766005 B Bt bl o R I K e 45 0 o A SORE /D s 8k
WFTA B3k A5 08, BFXE ORI RS, BT T /KZE WFTA Bide, {(RUE T &R 48 47 5005 4b B ) B K TAESIR .

1 WFTA WEE£RIE

WETA 8 HL 28 A AR B s S o, At 30/ N e L O 0 8 10 0k o o e e i, ROR A1
THREH AR, BRSNS 3 MR M E X . X=CBA x, i x R AJFHI, C A
AR IIICR — B -1,1,0,—j 2 j, B JH R 0 F AR Al S B el ol B S AR B o KRR RSB WETA BEbkimt, R
O C A ABAE 2 A F BB, M5 B AR B Bl e — > S ORI A, RS E TARKRE AL

AR/ SEY iR AR CB A A GEIE BA AR B4 i o R LL 3 G5 5 i B

11 1 1 0 1 1
MN=3Hf, A=|0 1 1[,C=|11 —-j|,B= cos @ —1 , Hro=2mn/3,
01 -1 11 j sin &

i BHET: 2012-04-11; {EEIHHH: 2012-07-16



2 ERWEE NRE Winograd 8 B M T E L A IF1E 1T 283

11 1 1 1 1
01 1 1 1 1 ? 0 00 bl
. 01 -1 -1 1 R b2
M N=5HF, A= C=[11 - —-j 0 —j B= o
01 -1 1 -1 : b3
11 -1 3 0 b
00 -1 1 0 L1 1§ 5o 4
01 0 0 -l b5

HH bl=(cos G+cos 26)/2-1; b2=(cos #-cos 26)/2; b3=sin O; bd=sin G+sin 20; b5=sin 26-sin ; 6=2n/5.
ATLVE Y, 7ESCE WETA Sk Er, mT DU AT Ak ic 58, i HAX R ZAR D B Se 8ok, KRRk 785

2 NN B WFTA #EHRE 4

2.13 &5 F0 4 5 WFTA BEREH

HH /NS B WETA B3 A BE T A, A BERT C BErp e Kl % A -1,1,0,—j F1j, RP A,C H X A 22k 19
R C R BEAT N B ERAE B AL P SXET IS 2 A 2By B AR ] B R S vk B B A B A0 AT LR T A 1 T
NI ZER (L 3 o) .

Bl 1 RI~R6 7R B (3 2P 47 2% . ¢
Al~A6 7 BINEE . B A TE K ik ij |
AR B, il A B B R a il
PAEEY, BRZ e A W B 40 B
JF 3 3 RO 1 P B A B W B 31T T . ‘é‘ s ¢ | Tas e as > L
WIS, BRI A S A K | A = "
(0 C it BNE Y, SEIRIEAR WETA 1l i
e 1) B4 Ak B R3 b IS — B RO = A6 %

4 15 WFTA Bige (454 5 1 AR :
L, T 4 SEE D BREITRA RN 1, Fig.1 Structure for 3 point WFTA
RIS s [#] 13 A5 WFTA 2544

2258, 7HE 9 A WFTA BEREH

WFTA H B E5 6 A LU AF M 52 1 3 A5 F 4 Y FRT i858, (HY 8oz 5 s % UL B, B AR 3 53
AR NN BIEJT AR . DL 5 sl iy A BE R, ZE s Je — A 6x5 BIFE, 30k 5 80 1 S A R R —
B, WEIR T OB AR K R A R P B, T LA A R 4R e D

e ESCHR IR 3 A5 WETA &5k, 74 C #l A BEATIZ SRS #f B0A 80 M R b b 45251, DL 3
WFTA SEH8 A BB B R0, 3 R2Imas iz B e LT .

a2=x(1)-x(2); al=x(1)+x(2); a0=x(0)+al

e B SCHL B E5 R b, 315 a0 It R rh A T al XA R R, mORE K T x(D)+xQ)BYERAE , IR T IIFE,
IXTE REOE R s R R R BT R R R geh 2 B, DR 7E 3R s A WEFTA WF 5 b 22 BT i 45
FJe o B o AR SR IE
HOHE A v B i 3 B R,
FIE T AFENRER, 755 8.
7 B9 S WFTA &3k
FHIEL 2 ffr7s 0 v B 45 A8 (L) 5 8
) o

HL B b B 5 R AL A7 e
LR A TN /U 2 N A A
A aR w0, BT AR
AL, 5 I B RS Fig.2 Structure of 5 point WFTA circuit
—k, HAb R 2 T — Wik 25 15 WFTA i 41

MUXI1 [—data outr

elf MUX2 |—data outi

data in




284 AMZBMFERFRERFER CHTEC

PR WA A A ORI AL E, HASEHE %15 5 WETA b Al 5

FEA . BBk ss st T B E s, R0E T3 Tablel 5 point WFTA read control

Bt R rprp RIS R R R, SR TE B B AT — r‘jﬁl reg2  regd  regd  regd Clklen

B WAL, T Ak E AT o i n Aelas B cycle2 X2 x1 0

SRR s B R E AT . 3B 1 A0 T A4k cycle3 X3 X2 x1 0

il fE 3 1 P, e regN ORI TR0 N oo S

DR, XI~x5 1 yl~yS 435l R ELE M AR 2 cycle6 yl X5 x4 X3 X2 1

W5, clken iR 58 00 FF 47 & 11 AH & 1 0 /8 zzi:; i’; ﬁ ;i i‘s‘ ﬁ g

AR A AR (W B B BB, cycleN om B 80T 1) ocled  ya /3 9 yi 5 0

F Rt 2 cyclel0 ys y4 y3 y2 y1 0
I RS AR O A B S B pdill ¢8|

L2 vl /v 45 RN 25 A7 45 43 ) 38 s 0k B 2E A7 %25 5 WETA Hhia (s B e s F

V5 Eji 77:1"7’7%4’54& H, % LA H‘J’ %41 fﬁ ﬁ'é ﬁ 575[ Hrj‘%ﬁ ’T/IE cyclel Table2 5 point WFTA signal timing

AfZl, %240 TiaH Ry, Hrep tN A tNN cyclel cycle2 cycle3 cycled cycles

e N N N F L S NN

FeF B kb BIEEMAICE, BN 1 LR Z Boxdx5  t3=td-t5 mul52 133=123 143=132-133

& A fife A 7 t4=x2-x3  t14=t4+t5 mul53 134=124+126 144=134
58 R B e PR AR AR, R 3 o

A2 AR B A 1 5 s B B B S 0 % 17=X2-X5

o B X—1E5 t0 HEME, mux] A mux2 457 &

B S A R S s B A R R #3515 WEFTA BLHerh e bR as 515 510 b
L EAYLL 5 5 WFETA B8k 5358 87 17 38 W 37 7K 2k 5K 19 d i Table3 5 point WFTA output select

WA, 7 AU 9 4 WFTA BUH B H T v MK L 7 B w0

VEEA A2, 9 &1 WFTA Bk m i ABE A hfE7E TR 2 A 3 i fn] &, datalx 42 10-t45

B Rl R A S 2 FEAR Y Oy iR SR T jZ:i: ::i tot:;m

datadx t42 t45

3 XRERESH

ARSI T %3 5 QUARTUS #4705 EL, ##% ALTERA /3% CYCLONEII %1l EP2C70F896C6 i F, fii
F 16 bit & S BIEAT KA M, BT S MATLAB BB A N 45 48 BT A5 45 3R — 80 % Sorh nak 45 4 1y 5 4>
/NS EC WETA B8R T 3780 45 FFT AL b A7 0 B, S5 SRR W, fili &K 28 WFTA BB R 4o d K T4k
AR TR E] 151.01 MHz, 76625 [T 5 EL iR 78%, AT 5 3 ) 548 Ak 2 B

4 g

WETA HLBJe K40 FFT RGN AEA B AL, & Y18 53 308 X HT e iR R GE i vERE B AT B4R 2 .
0 H /N B WETA R BE 28R T LR A7 25 1 e A0 200 85 g SE 0l ) HRL B 45 4, AT AAR e ol f TiE 28 G 7 D K 2R 254
TR TAE . ARSCHE 3 mF1 4 5 WFTA Bt il X R a5 F 75 21 1 Behr p g 2R o (H il T I 5 4 BE % A5 B0y 38 2
255 VL I ) 3 M R T AR AT, RO Y RN B 5 AL 7 ORI 9 U, SR R SR rh o /el ik R B AT 20 A Y O
%, EARGE ATk A%, ke ARSI BOT, AEECR A/ B WETA L R ARKAR R LA R IR R PR 18 B
R, R K R A TAE 2R

S & Lk

[1] 8. HFEESAR—IE | FIEMTIM]. JEat g i hidt, 1996. (HU Guangshu. Digital Signal Processing
theory,algorithms and implementation[M]. Beijing:Tsinghua University Press, 1996.)

[2] 755k ZE . WKLSSH FRT/IFFT Ab 2R 0T 5 S8 BT]. SR F 22 5115001, 2007,24(4):141-143,147.
(HE Xing,ZHANG Tiejun,HOU Chaohuan. Design and Implementation of pipelined architecture of the FFT/IFFT processor[J].
Microelectronics and Computer, 2007(4):141-143,147.)



55 2 ) ERHE /N EE Winograd 8 B M T E ik A B 2Fi% it 585

[3] BME. HFESLIEARM] 3 M. LT8R L Mitk, 2007. (CHENG Peiqing. Digital signal processing
tutorial[M]. 3rd. Beijing:Tsinghua University Press, 2007.)

[4] XBEHA #h2%. 3EF FPGA B AT P B = FFT AL BEER 095 1 552 B[], filFE R, 2005,45(3):147-151. (LIU Xiaoming.
SUN Xue. Design and Implementation of high-speed FFT processor based on FPGA[J]. Telecommunications technologies,
2005,45(3):147-151.)

[5] HEMREABLITEAR. DMB-T RGEH FET B BT 5 53] AEAR, 2008,32(21):6-7. (CUI Zhen, WANG Yonghe,
MEN Aidong. Design and Implementation of the FFT module in DTMB-T system[J]. Video Engineering, 2008,32(z1):6-7.)

[6] YANG Zhixing,HU Yupeng,PAN Changyong. Design of a 3780 point IFFT processor for TDS-OFDM[J]. IEEE Transactions
on Broadcasting, 2002,48(1):57-61.

[ 7] ®sR AR R k. IEH 2 HRTEUMEEE T R ] (58 585 TR, 2012,102):143-147. (HU Qiang,
LIN Feifei,QIN Tuanfa. Orthogonal Frequency Division Multiplexing under a collaborative communication[J]. Information

and Electronic Engineering, 2012,10(2):143-147.

1EE /T
EXRNPE(1987-), B, AFEWH A, fEiE M &&(1970-), %, dbEm A, 4, Rl
WA, FEPR WA FPGA &1, B, FEMR ML ERES A, VLSI H
email:tiantian9822@126.com. S S A =g (L e

FIEEWA951-), &, b A, #z, i
AR, FEBEWFSE T AR T,



