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Bl 2-1 OFDM WA fHHEPH

3 FFT H3EREE
3.1 FFT EERZE
3.1.1 &-2FFT M3
KA N A RS x (n) 9 DFT g9FE0N
N-1
X(k)=> x(mWy' k=01, N-1
n=0 (3-1)

—A~ N 1 DFT o] LLE o s JLANECR Y DFT 4lpkiy . 3ETFX— B4, wril
FF N 55 DFT 4088 0 JU-AMEERLNT DFT, IXFE—k @ik o 20, festdes
B S HLPEAE DFT MEE8E. Ak, BER BT W™ N HA W A R RO Rt
R AT .

2y
Wl =g W TN (3-2)
Wom =y WY =W (3-3)

ANBTHIHE A ST DFT 0% K LSR5 3 DFT, JF BARIA W™ N f9 R
FARTFRPESR WD DFT a0 Xk FRT Sk A M. s AW
FFT §iEH3E-2  FFT FUE-AFFT Pifh. 3&-2 FFT gk 2 SRt N=2Y, Wify
FRACH I ACE N 355 T 2 9%E80RR0) . Fimsi bl 8 s FET 4480 1640 204
3E-2 FFT 8ik.



128 5 FFT B0 FPGA SEHL

3.1.2 %2 FFT NEREk 2

JE-2 FFT §LE3EA b 4r h ik EGE: FFT (DIT-FFT) Rk BGE
FFT (DIF-FFT) B 2. PP R EE A B RHF R, Brel P2,
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x,(r)=x(2r+1), , :ﬂ'l*"'%_l (3-6)
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=D x(2r W+ Y x(2r + Y
r— r—0

Nia-1 Ni2-1

=D x(F)+WE Y x, (W (3-7)
=i r—
BT
2 ‘fl—‘“';
— 2k
W;b=ej"" e ! =W (3-8)
T e

Niz-1 Ni2-1

X(ky="Y x(rWe, + W5 3 x,(n)Wi, =X, (kyrWiX,(k)  (3-9)

=¥
k=0,1, ==, N-1

Hodr X1 (k) A1 X2 (k) 405104 x1 () F0 x2 () B N/2 5 DFT, B

NI2-1

X,(k)='Y %Wk, = DFTTx, ()] @GP
s ECIpb e
X,(0)= 3, %)W", = DFT[x,(r)] maxbagl 18.com
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X (k)= X,(k)+ WX, (k) k =n,1---%-1 (3-13)
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KFE—S N i DFT sialdfar sl 7P~ N/2 s DFT. 3K (3-T) R (3-8) i
BT R N S50 DET FLXPAS N/2 S50 DFT 2 B 5 &

F RS SRS py R B ik, nTEAH B 3-1 sRaran i Ar ik iz
e fEFE 3.2, N=27=8, M E-1)EHT X(0)~X@) rts A%, a2
1) 85T X)) ~X(T) i3 k.

x(0) e—— EL X(0)
+(2) o] M2 A
w4 —— DFT @)
LR AT3)
| p— ) X
(3 e V124 x5)
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x( T} — W AT

P 3-1 N £ DFT fg— ki Al 2% B (N=8)

BB 3-1 aTeLE W, S —a ks, P8 N & DFT EFHEHE A
N/2 f5 DFT HIN/2 DEERIES . diam e oT LA, 38—/~ N/2 & DFT
TE(N /2 WE BN/ 2(N/2-1) IRE Bk, A4S 3-1 THELN 55 DFT
BTN/ 2)7+N/2=N(N+1) /222 N7 /2 (W00 1) P E Higek fi N(v/2-1)
+2N/2=N* /2 R EENEES . B T UEH, RT i RRE R — kR
WA FRIE SR> TIE—4, il T X Rt b DFT fis R+
AR ATEEN=2Y, N2 R EEE, b TG R e [ 38—
W, AT LU0 AT TR G N/2 S DFT BRI —2B .
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Nd-1 Nia—1

X (k)= D x, (2DW35 + D x, (2 + D5
i=0 i=l

Nfd-1 Nld—1

= 2O+ Wy D x (DWy,
=l =}
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Hrp
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4 FFT BHEH

4.1 EitEE

4.1.1 VHDL EEET

VHDL ({344t Very-High-Speed Integrated Circuit Hardware
Description Language, #4:T 1982 4. 1987 4FJE, VHDL §§ IEEE f2EE
FE B A bR A R S . 1993 4E, IEEE Xt VHDL #HT 7T, ME
Eh S R R A FP R VDL RINEE, A TENCRR viDL, B
IEEE #rHEfY 1076-1993 A<, (fEj#k 93 M). HL{E, VHDL HI Verilog fiH4
IEEE [ TokiriEREfHAE S, XERI0E EDA A RIS, 8T TR
Y, LR ChSSE bl R R .

4.1.2 WiWRERAET

FPGA JE—HmBa/Emnl 2 88 0F, I T3eEm Xilinx 48], 1%
syl 1985 FEHEH TR S FPGA . MEWIRY 1200 AETHIT,
90 SEURJL-H AR, RESHEAATIE LT AT FPGA &,
Xilinx. Altera ZFHEFETNERT # C&H FPGA B3FAISE A2 B — MK
Fo FPGA &6 TR THIR. HEREUR, EDA EOR, fFieit& ol LU Ry it
frivdZehiemvoit, it MM, Eedotmi.
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4.2 BERGIHAR

FFT A4b¥ REMLE AL W 4-1 Frn: FRT BB ST EE
DHRERLRBEAT Yeit: SUBIEH 0. HdiE kAT, Eﬂ;ﬂﬁi @&;:lj K*é
T E—UCEARIT, 0 RAM, ROM. #EEBLITHAERGA M T, mumbooﬂTB&mﬂ

1) 3R b B T, PR RAM RIFERCRERE P T ROM AL,
i HuhE S Mk

)ELIE Rt KM 2 eI, — RN AR .

3) BRI . WEEEEEA M 16Bit  BoRIHTIERE, IS
9Bit.

4) ALY RAML - 77 it Sy A\ B3 0 oo ] Ak 28 04

B) A1 RAM2: fFEfi e eef

ﬁ}muﬁ%ﬁﬁm?ﬁﬁn

7) e P42 ) B 70 « ST 5 R L Y I P2

8) PLL: Rt REEFTHIEE T .

i A\ B B SR RS B0 RAML o, fRIRUA R AL TSR A7 g4 ROM HE,
7EHAB AR HIE SR — FEEBIN O RAML, $ A SR SERUR FHIRHEA R 28
WEREESL, eyl AR B O A A ST R O RO E A DR i k4 5 A
RAM #0 ROM shigth#dife, —REFGEREFE AT TRVES, SRIEH
o O B RR A T, K B B BIHUEGE i k , SER—IRERTE
IEH. £ FFT R —RIEEEHED, [IMRRASE, FUOmEm 9 £
1, EHHE G B R A A AL B BEATIE M MBS AL R B A5 AT, SRR
7 AMZ o, SETEZSLSERCLLRE, FREOO RAMZ HiiE B as Mt .
SRS R ERE B 4-1:

L PLL
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P 4-1 B ikeik

R e

i oo [ BB 304
i ' i FiN

/1 R5T data_valid -

z _ :  max.book118.com
] Stent OuLImi15.0] ™9 SR TEEREAE
in_im[15..0] out_re[15..0] .

b=t in_ref15.0]  scale_tick[3.0] ==

. inst

N R B B (R R A S R R B L 0

P 4-2 R&Esikm

P 4-2 fon:

CLK: TAEm #hmA 5.

RST: SEA75|M, EVH® EEVHERE.

Start: HKaifES, MBETEM T4 2 Aeeh. 52 ARG RIE
e 38— 2k A\ HOE 20 0 LA S A B

In_im[15..0]: SHAES, 0% 16 £, EHEIALAFEET 14 7. Start
e BRI, 25 SR — A R R SR .

In_re[15..0]: SHH)sEd, % 16 6, HHEBAIAHFET 14 6. Start
FrE RN, A2 B — i R S SR .

Busy: fE Start £ )5, FFTEH#EHIILEE. UG —WEIEAR A,
IEH 5. A Start THIBLE, B Busy IRERHLER, Afigd
Start Hr @& B#EfT F—i.

Data_valid: &F%ih¥dEH 8RS, SHREFEH.

Out_im[15..0]: ¥ Data_valid RrifyRInt, StHAr®E >y 16 Ao i HdE .

Out_re[15..0): 7F Data_valid fr@fgRInG, HiiAise k16 fptscipdids.

Scale_tick[3..0]: 7E Data_valid R aylElmd, i 80l &5 S v i i i,
Scale_tick *4 JA3CFr Rl fird.
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L TR fitw LET
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M 4-3 hHEE

5 B&

FPGA J& 20 {2 80 AU W ELA—2H BRI P ol g FE 88 1. Lk,
EIEAEE TRENRE. 5RO HREZHBAE, FPGA MISERAE
w IPESIBLAE R, Wi RIEEER . B, FPGA MIBERCEET THEA]
i, AL T RN L, RIDEE. ST EMEERE, mw AR M
IR SR AT RS, X R (R FPGA HOREEMEUKT ASIC HE
DSP ks, MehfREg it EEEFIEZ —.

HAEl,  FPGA IEATHartErErEE S B ERMmEHy. &3, dmayaT
GRS ey, i FFT.  FIR A1 TIR JEJ3e#iEfl ASIC k¥
DSP AbFEL: ¥R, (HELAE K2 aE FPGA BR. R FPGA SCHLEC (5SS ib
B, wTLAGE®] DSP @R ik pas e, m HAe b B AR EE T m, Ak
PSR (R EhE AR, HARERRF AR, i E A
8L, IREREME S ML, BAEER, R FreA HFTHF RS EERE
— Pl

ATERIET FPGA SEHL FFT X— {875 S5 s iz k.
S —EMSES, RRIHTE CEFEER. X, TR
TAEEEA LRI 5%, MBUTT FFT SOEMEEEETHILL R H
AR MR S, IR IERE Y BT FFT WEREEMHBRFIE. M
REH LT T AT HERTh AR AR . JEIR, AR S T OB ] 45
FRfipily FPGA AUANIR, FRiNMET FPGA (UM ERER S R A A RE O U IE Y
HOBURGE . W T e T B T e A Bl e B A G X
SRFREDAT AHART VHDL i S RO B RO AT T AR
FEiF.

FM, WEHLSE 2] T FPGA AR A Ao iEss niR AR RY AR i
WFSE T e R e bl . A Mot s e B itk k. s, A
quartus BMFSEEE T ¥ FRFT WERASATEBRCTE. SEBL. (FEL. 30iF, HERTh
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2 i) i
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Jrik, EFAESE S, T HAE S .

13



128 5 FFT BT FPGA SEHL

S5 30k

[1] T, 31 FPGA 1 FFT ARRE SR ATSCILID]. [ R 8 TS 2= i oL,
2005:28-30.
[2] Hi%. —FhEET FPGA ) FFT BEF b MR [T]. BFRHLHEA, 2002, 17 (6) : 36-39.
[3] XIE#, FRAF, M2 5. FFT L7838 09 FPGA H0ih[1]. Ai=F i 5 AR, 2004, 31(3) :101-
104,
[4] FEik, B4k, {02, 5. Alter FPGA/CPLD it GEERED) [C]. dbnt: AR MEAL.
2005:96-108.
[5] PREH %, SRESHE. E A3 DSP B s S BT LA IN]. SR H =M (BB
2004, 32 (6) : 689-693.
[6] Zhang Qj,Yi Qingming.A New Base-6 FFT Algorithm.Semiconductor Photonics and
Technology,2002,9(1):23-25.
[7]1 Currie S M. Implementation of a Single Chip, Pipelined, Complex,One-Dimensional Fast
Fourier Transform in 0.25um Bulk CMOS. Application-Specific Systems, Architectures and
Processors,2002.Proceeding.The IEEE International Conferenceon,17-19 July 2002:335-343.
[8] Bidet E.A Fast Single Chip Implementation of 8192 Complex Point FFT.Solid-StateCircuits,
IEEE lournal of Volume:30,lssue:3,March 1995:300-305.
[9] BiB,Joney EV.A Pipelined FFT Processor for Word Sequential Data.Acoustics,Speech,and
Signal Processing,IEEE Transactions,Volume:37,1ssue:12,Dec. 1989:1982-1985.
[10] Gold B,Bially T.Parallelism in Fast Fourier Transform Hardware.Audio andElectoacoustics,
IEEE Transactions on,Volume:21,Issue:1,Feb 1973:5-16.
[11] Lenart T,Owall V.A 2048 Complex Point FFT Processor Using A Novel Data Scaling
Approach .Circuits and Systemns,2003.1SCAS'03.Proceeding of the 2003 International
Symposium on,Volume:4,25-28 May 2003:1V45-1V48.
[12] FEIT, XJ8F. 3 FPGA f93E-4FFT SLkAYBEFSCBLIND. P T S BE4R, 2007, 21(3) :
82-84.
[13] Ui, X9ed], T4 —FPET FPGA SCHLRY FFT &5 8. Bl 8HLAT B 2005, 21 (9-
2) :156-158
[14] Jessani R M, Pulrino M. Comparison of signal—and dual-pass multiply-add -
- EOIrabeE
floating-point units[J]. IEEE Trans Compute, 1998, 47(9) :927-98Max.book118.com
[15] L3, 4, B, 2. B VHDL ¥ 60 FT $EREscBLIND. m/Ripen T sy — 7
2005, 8(6) :24-26

14



128 5 FET BT FPGA SEHL

15



128 5 FET BT FPGA SEHL

B R

FEFF:
module £ft_16(xn_r, xn_i, RST, CLK, START, OUT, Xk_r, Xk_i) ;
input [15:0] xn_r, xn_i; [T A RIS S

input RST, CLK, START;
/FFT Bl (s S S eE S MEAE S

output [15:0] Xk_r, Xk_i; J/FFT % th 5 5 1 5
output OUT: /aminEES
reg [15:0] Xk_r, Xk_i;
reg OUT;
reg  OUTL, STRTI; /R FRT4 it dn SR EEE 5
reg  [2:0] k, d,mn, 1, p; //TREIRE
reg [4:0] i;
reg  [15:0] IN_r[15:0], IN_i[15:0]; [ TERE R AR S5 S RS
reg  [15:0] OUT_r[15:0], 0UT_i[15:0]; [/ R S S S
reg [15:0] TRANIN_r, TRANIN_i; /AR FRT4 S 2 (]
fry
reg [15:0] TRANOUT_r, TRANOUT_i; /RS FRT4 S 2 (6]
4 iz
reg [2:0] state:
parameter  Idle=3" b000, /5
Input=3" b0, Wk 7N
Compute0=3" b010, /R g
Computel=3" b100, /18 e R
Butfly=3" b101, /T
Output=3" bl10; Wk i

[1E L =A B i E
function[15:0] Shift03;//%ELL 0. 3827
input [15:0] xn;
begin
Shift03={xn[15], xn[15:1]}= {xn[15], xn[15], xn[15], xn[15:3]}

+ {xn[15], xn[15], xn[15], =xn[15], xn[15], xn[15],
xn[15], xn[15:7]}

- {xn[15], xn[15], xn[15], xn[15], xn[15], xn[15],
xn[15], xn[15], =xn[15], xn[15], xn[15], xn[15], xn[15], xn[15:13]};
end
endfunction

16
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function[15:0] Shift07;//FELL 0. 7071
input [15:0] xn:

begin
Shift07={xn[15], xn[15:1]}+ {xn[15], xn[15], xn[15], xn[15:3]}
+ {xn[15], xn[15], xn[15], xn[15], xn[15:4]}
+ {xn[15], xn[15], xn[15], xn[15], xn[15], xn[15],

xn[15:6]}
+ {xn[15], =xn[15], xn[15], xn[15], xn[15], =xn[15],
xn[15], xn[15], xn[15:8]}+{xn[15], xn[15], xn[15], xn[15],
xn[15], xn[15], xn[15], xn[15], xn[15], xn[15],
xn[15], xn[15], xn[15], xn[15], xn[15:14]}:

end

endfunction

function[15:0] Shift09;//%eLL 0.9239
input [15:0] xn:
begin
Shift09=xn —{xn[15], xn[15], xn[15], xn[15], xn[15:4]}

- {xn[15], xn[15], xn[15], xn[15], xn[15], =xn[l15],
xnl15:6]} + {xn[15], xn[15], xn[15], xn[15], xn[15], xn[15], xn[15],
xn[15], xn[15], xn[15:9]}:
end
endfunction

/R FFT4 BB 8 4 4 4 i) FFT

//FFT4

XFFT (. CLK (CLK), . START (STRT1), . xn_r (TRANIN_r), . xn_i (TRANIN_i), . OUT (OUT
1), . Xk_r (TRANOUT_r), . Xk_i (TRANOUT_i)) ;

always @(posedge CLK or posedge RST)

if (RST)
begin
state<=Idle: [IRBEAL, EHETFE
OUT<=0; /M
end
else
begin

case (state)

/B AR
Idle: begin
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OUT<=0;
if (START) //BEAETHRE FA RS FFT
begin
state<=Input;
1<=0;
end
else
begin
state<=Idle;
end
end

/716 i A A
Input: begin
if(i<16)
begin
IN_r[i]l<=xn_r;
IN_il[i]<=xn_i;

i<=i+l;
end
else if(i==16) //SASEEHANHE
begin
state<{=Computel:

STRT1<=1;// 5l FFT4
i=0;  //AREEALL
k<=0
m<=0;
n<=0;
end
end

/B — it
Computel: begin
if(j<d) //4 HBiTmATE
begin
STRT1<=0; // 7 FFT4 JHEH{5 S
if (k<4)
begin
TRANIN_r<=IN_r[4%k+j]; //BFikiEfA
TRANIN_i<=IN_i [4#%k+j];
ké{=k+1;
end
else if(k==4)//k=4 ¥ A\E4F FFT4 (0% H
begin

18
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if((0UT1==1)&& (m<4)) //w] L4
begin /AP S5 R %
OUT_r [4% j+m] <=TRANOUT _r; // ZE S 77 fils
OUT_i [4% j+m] <=TRANOUT_i ;
mé=m+1;
end
else

begin
if(m==4) //misete, HAERHIT

begin
<=y SN —HEE
m=0; //ivi%, LL&H
k<=0;
STRTIS=1;// A F— i EAEE R BafE S
end
end/ /it 5cHE
end
end
else if (j==4)
begin
if (n==0)
begin
state(=Butfly;//FE—H e AT H
n<=n+l;
end
else if(n==3)
begin
state(=Output; //% _Z5cE
1<=0;
p<=0;
end
end
end

Butfly: begin

if (n==1)

begin
IN_r[0]<=0UT_r[0];
IN_i[0]<=0UT_i[0];
IN_r[1]<=0UT_r[1];
IN_i[1]<=0uT_i[1];
IN_r[2]<=0UT_r[2];
IN_i[2]<=0uT_i[2];

19



128 5 FET BT FPGA SEHL

IN_r[3]1<=0UT_r[3];
IN_i[3]<=00T_i[3];
IN_r[4]<=0UT_r[4];
IN_i[4]<=0UT_i[4];

IN_r[5]<=Shift09(0UT_r[5]) +Shift03 (0UT_i[5]) ;
IN_i[5]<=Shift09(0UT_i[5])-
Shift03 (OUT_r[5]) ;

IN_r[6]<=Shift07 (0UT_r[6])+Shift07 (OUT_i[6]) ;
IN_i[6]<=Shift07(OUT_i[6])-
Shift07(OUT_r[6]);

IN_r[7]<=Shift03(0UT_r[7]) +Shift09 (OUT_i[71) ;
IN_i[7]<=Shift03(0UT_i[7])-
Shift09(OUT_r[7]);
IN_r[8]<=0UT_r[8];
IN_i[8]<=0UT_i[8];

IN_r[9]<=Shift07 (OUT_r[9])+Shift07 (OUT_i[9]);
IN_i[9]<=Shift07(OUT_i[9])-
Shift07 (OUT_r[9]);
IN_r[10]<=00T_i[10];
IN_i[10]<=0-0UT_r[10]:
IN_r[11]<=Shift07(OUT_i[11])~-
Shift07(OUT_r[11]);
IN_i[11]€=0-Shift07(OUT_i[11])-
Shift07(OUT_r[11]);
IN_r[12]<=00T_r[12];
IN_i[12]<=0UT_i[12];

IN_r[13]<=Shift03(OUT_r[13])+Shift09(0UT_i[13]);

IN_i[13]<=Shift03(0UT_i[13])-
Shift09(0UT_r[13]);

IN_r[14]<=Shift07 (OUT_i[14])-
Shift07(0UT_r[14]);

IN_i[14]<=0-Shift07 (OUT_i[14])-
Shift07 (OUT_r[14]);

IN_r[15]<=0-Shift09 (0UT_r[15])-
Shift03(0UT_i[15]);

IN_i[15]<=Shift03 (0OUT_r[15])-
Shift09(0UT_i[15]);

n<=n+l;

end
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else
begin
if(n==2)
state(=Computel; //HFAE 5
end
end

Computel: begin
n<=3;
J<=0;
STRT1<=1;

state{=Computed;
end

Output: begin//f 4t
if(1<4)
begin
0uT<=1;
Xk_r<=0UT_r{4#p+1];
Xk_i<=0UT_i[4%p+1];
pé=(p==3) 20: (p+1) ;
1<=(p==3)?2(1+1) : 1;
end
else if(1==4) //Hith5ckE
begin
OuT<=0;
state<=Idle;
end
end

default: begin

state<=Idle;
end
endcase
end
endmodule
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