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Finite Word-Length Effects in Implementation of a Block
Floating-Point FFT Processor
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Abstract This paper discusses issues of finite word-length effects in the block floating-point radix-8 FFT
processor and presents a novel static model based on statistical analysis. When the input signal is white noise, the
error caused by radix-8 unit and weight operation shows that the noise signal ratio (NSR) is proportional to r
=loggN without the quantization error of input signal and coefficents, where N is the length of FFT. The paper also
gives the error trend with the frequency point and transform stages. The simulation result from SPEED platform has
a good consistent with the finite word-length effects analysis results. Consequently this scheme has better value in
practice.

Key words FFT processor; finite word-length effects; radix-8 algorithm; SPEED platform

PRI HL I AR i (FFT) A S0 A 5 A B v S (N, #1, N, #1) o

Wk 32 . ARMIBEAEFFT S A8 N, A RFKL Behk=kN,+k,» k=01, N, =1, k, =0,1,---,
NIRRT, b T RSO, N, -1, W
PG5 A EER I A AR DA AR IS K. (HE K Ny-1N;-1
K, B S B RS e, S R PO = ) = 35 DG
A, WBL DB, A, T W
FEMERRARI S, BRI, BT I Db U6 A BRI A ZT(iukz)Wzﬁszif‘ @
ﬁ?ﬁ P E, ﬁﬁf&@%ﬁﬂ’]*nﬂ% PERE. THIAN =0
IIREEL R AR Z IR O 2 (T T 5 QAT LU, — MK AR FFTIE ST L
1 SHEEXFE HAL T WA /N SEUEFFTIZ ST, BINSFFTIZ 5 A]
FFT@E?@?’\][(’]' u%*ﬁ%j"le/l\Nz){—i E@FFT%DNQ/I\NH{—:—'\ E@FFT, ,m\l_ﬁ
' @€ BN UTRTE B> JINN N U, KK T
ym=;aw; (D) eER ISR M5 RN N, =8, W IESFFTHIL.
A k=01 N-1; i=01--,N—1; W= N; K, TN, (HEERA
e PN RGN T N I FFTAS S AU KL 2 IRESH
B i=iN, +i,, i=01--N,—1, i,=0,1--,
N-1. WHRNE 4%, HN=NN, B2 5 REASTVE e O 22 03 W 18R 56 ¥ 1R U7 vk

Wk H I 2006 - 03 — 18; f&[H: 2006 - 06 — 15
TEF T FTFML1981 ), %, HidA, EENFERECTFE S RSB 5 R,



513 Temil 4

Y i FFT ARBR R K47 BT 0T 59

(891, (H R AE SEHLK S B FRTAS iy, k2 55 3457
ETHSEEARR R, FEREVE RN IR U Ik FE . 7K
FHIEQ AL LI FFTACBE BRIy, FLAs 2 kY - Ay
ANEIRZE . REEWIRZE . IBGRZERR & L3
JUIEF IR R =S . A RIRZEN R EE
WRZES KA. ADULSCES R PR AR KK R
T A3 AT A S E BRI A 2 B ss sk
iy N R ZE X TE SRS BE TR 52
TEHESEIR M AL HR AR h, B 0is B T 2 HER
JG. FIFFFTIE 54 R SLPon Frek, 8 IFFTH
T B 4 o ] DA A s L, R4k
SECRFI), A e 2 DR T IR s A 3 1 7 v B
F AV S . AR SEILE, ARG
i fFlogoN/N AU, 1T 2 RV 75 BB AT NI AR
i o (HJE B RyE LLIB kI 5 i il ) R AR AL R
Ze/N, ot KA R % Z2 max|e (k)| 23 5910 1
max | (k) [< V242 (log, N=D 2. ()

max | () [< V245 (N =1~ log, ) ], )

Kb NAFFTIZEREIEKE . fX@) T W, 4
P RI5S, FETH %% 22 5 Nlogo NI IE bE, T i
HE LS N? .
2.1 HSBTIRENM

TEVE AT, BREARNIE T R EERE, %
BTG DY S AN VL (B 982 4L R T 7
RIS AR ] Be A F I, AT AU
AR RER S AN, SR iR ZE . T
MBI E T BT7R o Xoi( )5 Wy 20 90k i SR i A o
B, ei(m)s ex(m)NAIFIRZE, es(m) WML R Z

—Re [Wi]

Re[X,._1()] e3(m)

Im[X,1(7)]

—Im[Wy] ex(m)

K1 77 R HORIE SR A Y
RV ANAG 5 N BEHLE S, S REEN A G
AN o?, AR AR A5 5 1 2 A

2 2 2 1 2 -\ |2
Oy +0, =0, =50 E[ X, ()] (&)
B ARV A i NARZE I S a0 T AN -
o, =0, to, +o, =0’E[ X, (D[] (6)
HET I 1L HORE A N R ZE L TN -
o; =20, =20"E[| X, ,())I'] (7

X8 RIFFTHIC, AERH RN

X, ()= 2 X O ®)

JIT DAL BTG 110 SIS (1 4 ) 24 75 (8 4 3 (8) H 84 R 4
ik (1 BmFn A «
oy =80 E[| X, (/))[']+
A+15+--+HE[| X, () []1=
25.50°E[| X,, (/)] )
HEMHES LI 1 A i AR ZELa X B T (E A -
o, =204, =510°E[| X, , (/) [] (10)
22 IR RRIRES
8 IUFFTAZ # (1) 53 «
Re[e, (m)]=Re[ X, ,(j Wy ]+
Re[ X, (/' )Wyl+--+Re[X, ;W] (11)
FERFALTGZ S AL S5 «
radix8 _e =Re[e, (m)|Re[W, |-
Im[e, (m)]Im[W,’ ] =
Rele, (m)W,¥ ] (12)
FE8 IR ICZ J INAL (1) 55346 radix8 _e JT 51 1) 1%
FEA ) TTE N
E{|Re[e,(m)Wy 11’} = E{|Re[e,(m)]Re[W, [} +
E{| Im[e, (m)|Im[W 1"} = 40°E[| X, ,()H]] (13)
JIT A IS () B2 N 22 4 6 30 T (LM «
o, =2E{|Re[e,(mWy 1} =
8cE[| X,, ()] (14)
23 MIHREESL
X8 IIFFTHLIG, M)A, HEm—140%
(e RN ERERT N RS () VAP R
E[| X, ()[']=8""E[| x(n) ] (15)
K h FFTIE SR RNt 5 5 m A1 (18" AN 8 5t
FOCHE, Hobr=loggN, NNFFTASHL) ik, itk
AR H e 7 () R 2 5 2 AL, A Bl 14
IS HIC 2 JE AL IR 22, SRr B N HER BRI 2 S )
N

r—1
E|T(k)[1=07 + Y 8 "(00 +07) =
m=1

N E[| x(n)[] (16)

59r -8
8

t EIRHES G T S FFT R 48 AW FE A5
S, GRS

[ T(k)|2] _S9r-8 ,_ Slog, N-8 ,

Ef| X(k)['] 8 8

R, B (55 L S r=logs NI T F

amn



60 TR BOOR R R

374

3 FFTIHEHHERFERIL AT
6 F

AN SO A I, R IR 22 AR
GBI R R e, 1T CAT i e S
IR E S AT S 2, s S 2 A
SPEEDV-&5 F3R13H, WE2R. WER2LLE H,
PR 5 I EAE A — S0, HAEREAT S I,
SRS FA N TR AE, X2 W), =18 jiT,
JLSC iR 5 R H rr BE M 0, B AE VR SR VE
ei=er=es=es=es=e=0, H T I EH INECHO0, XKLL
BRI SRR 2, BT S RIEA S TIN5
T R 7 O AN & = AR R 22, it DA SIZ B Mg 75 2 L
HSME/DN: o MR S 8 OE STI LL A —FE
BT

| —IisE
S

1 2 3 4
BHYH

K2 FFTIME S (S5 thih 2
[

0 100 200 300 400 500 600
FFT 74 i 45

K3 512 SFFTAIN % %
MBI T AR, PR SEIS 12 R FFT
1845 B A BRSO 5 | 1) 45 A8 s 5 () AR
R 25N E(n)=fat—fenipl/Ifmatl s WEIBFTZR e FoT, froa
NMATLABREGESTEE R fomp MBS R 1E

BN E R, RZEREE &R OB AR AL,
IX 2 e DR 55 IR 14 S PR AR A B

4 % it

ARSI BT T 8 FETAZHL I 25 P Z2 KU, $ i
TN IR KRN K AR, 15 1Ty e
5 LU S FFT 70 R B ME ok 3R DL SR ZE R A
B R AR AL S8 REPE BT TR
] DAFE il K ORI DL R N 74, St
PERE. ASCHOREIE 45 RS AE T RHE Tl 1 P
JFRRISPEED 55 E3RAG), HE— 2Rk T 70 i)
IEAfE.

Z % X #

[1] Ak, RS, HEET, . £ FFPGA®A 5 FFTA
M EII]. & T ALK F FIR, 2005, 34(2): 152-155.

R1& T, KRG, A FFET#T % sk Ronlé Az 7).
&, AL K IR, 2005, 34(1): 16-18.

BI AR, $  #h, ik K TFFTH R IIAR 15 5
A AR A MI[T]. B F A K AR, 2003, 32(5): 535-540

[4] FMEFT, T2, BFFTHATHikA0IE B 694Kk A 45 iRt
[7]. &F ALK F IR, 2000, 29(5): 535-539

[5S] MOROZOV ] A. Effects of quantization in FFT
algorithms[C]//International Conference on Actual Pro-
blems of Electron Devices Engineering.[S.1.]: IEEE Press,
2006: 526-533.

[6] Z#—. #FEFLAEM]. b7 L TWELKEF HAL,
2003.

[71 PENG Yong-jun. A parallel architecture for VLSI
implementation of FFT processor[C]//5th ASIC International
Conference. [S. 1.]: IEEE, 2003: 748-751.

[8] TRAN T, BED E L. Accumulation of roundoff errors in
floating point FFT[J]. IEEE Transactions on Circuits and
Systems, 1977, 24(3): 132-143.

[9]1 HUI C C, TIONG J D. Error analysis of FFT architecture for
digital video applicati ons[C]//3th IEEE International
Conference on Electronics, Circuits and Systems. Greece:
IEEE CAS Society Press, 1996: 820-823.

[10] TAE H J, ALAN V O. Effects of FFT coefficient
quantization on sinusoidal signal detection[C]//Acoustics,
Speech and Signal Processing. New York, USA: IEEE
Press, 1988: 1818-1821.

oW OHE OE



