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Abstract The real discrete Fourier transform (RDFT) is a real transform introduced by Ersoy in
1985. The RDFT has been found superior to the discrete Fourier transform (DFT) in signal processing
applications. A relation between the real LMS adaptive algorithm and the RDFT is established. A
new algorithm is proposed to compute the RDFT and DFT via the real LMS adaptive filter. Instead of
Widrow’s approach, the real transform kernel of the RDFT serves as the input vector of the real LMS
adaptive filter. All the operations involved are real. As compared with Widrow’s algorithm, the proposed
algorithm reduces the storage by a factor of 2. For the real-value DFT, it requires one-third as many

real multiplications and slightly less than one—fifth as many additions. For the complex DFT, it requires
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two—-third as many multiplications and less than three-fifth as many additions. The proposed algorithm
is applicable to parallel processing and to VLSI implementation. It provides a neural net approach to

the RDFT and DFT.
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1987 £F Widrow & AR I TRIAE KRN H (LMS) @R E % 12 4+ HE# Fourier 4§
#: (DFT) gy— g B, %9784 DFT #9347t 85 VLST SLIRM T 5 FFT REH 5 —
MFER, RMREELTEXMEFELRERFS, BIIEBLIXARTYEEZHE. X£H T Widrow
it DFT w A% {(1/VN)exp[—i2nkn];k = 0,1,---, N — 1} 44 HiEMN MK HBWA K
B, ETRAHE S LMS % HTiH5. _

1985 4 Ersoy 4%t} —MSC BB H % M B HUIE X &8, 2 N LB Fourier Z&#: (RDFT),
EXNT=MAEHER K Fourier %, [ DFT XN T E ¥R K Fourier 2% 14 | #ZiF
£ES4BMNAS, RDFT Wifeth T DFTO-°, H RDFT U REL¥GEH, HEH4SKEX
Bt DFT 58, FAH RDFT waf B RXLFFS5HEF5K DFT .

AXHESTEE LMS BENEHES RDFT ZRIMER, R/HE T —HFFAHLLE LMS 55
& RDFT 5 DFT WA, 5§ Widrow HEAE, AXREOHFHE RDFT ML HAF#HEZ
{V2/NV (k) cos[(2mkn/N) + 8(k)l;k = 0,1,---,N — 1} fEH BB WK BOBA KR, FHAT
¥ LMS HE# T, AFEI B REMEHEE, B, IEFLRTHEAR
£ Widrow B —¥, TIZHBAKRD, EFFHTHEE VLSI L.

1 RDFTHEXRHY DFT Hx &

RDFT Z2—MELEBEXEKR, ERAENKEN N HEFF {z(n);n=0,1,---,N - 1}
A —NKEA N ®LF5 {X(k);k=0,1,---,N — 1}, HH—LIEZKEREHR T H E
X 3% (4l

EA#(RDFT):  X(k) = RDFT[z(n) \f k)z cos[z’rk” 9(&)] (1)

n=0
X B,
0, k=0,1,---,N . ¥, Numm
6=\ r _n N | Ml v
A - 1+1,"'., -1 -7 )

V(k) = {

5 N AEEe, (1) A5

N-1
X(k) = Xy (k) =/ % V(k) Y m(n)cos$, k= 0,1,---%
n=~0

N-1
X(N——k)=X0(k)=\/%Zm(n)sin%, k:l,...,?_l

n=0
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K& #(IRDFT) : z(n) = IRDFT[X (k ]~\/7 ZXk)V ) cos [2’;""”(@]

M3LFF3) DFT R —MERS, ERAENKEN N KBEFT (n) RBEABHEETFF] {Y(k);
k= 0,1,-- N - 1}! ﬁE—REQ%ﬂ%Rﬁ

2ﬂkn

Y (k) = DFT[z(n ]_\/7 Z (n)e” (2)

n=0

(1) . (2) X7TW, £/FFK DFT 5 RDFT Z B4 I F X #&:

[ Y(0) = X(0)

v (%)=x(%)

Y (k) = %[X(k)—lX(N k)]

| YOV =k) = Jo[X (k) +iX(N k)] k=12, % —1 (N %)

" Y(0) = X(0)
Y(k) = 2= (X (k) X (N = k)] . (4)
Y(N —k) = %[X(k) +iX(N—k)] k=12, Y1 (Ny5%)
BPSCFF3) z(n) K DFT Y (k) (2% TEHEMH z(n) ) RDFT X (k)(X%¥) B3, X FREEF5)

z(n) = Re[z(n)] + iIm[z(n)],  DFT 4 T+ H A RDFT, BREFEHFALE RAGEXK,

H
Y (k) = DFT[z(n)]
Xr(k) = RDFT{Re[z(n)]}, X:(k) = RDFT{Im[z(n)]}

oy

Y (0) = Xr(0) +iX;(0)

y(g. = Xa (%) +ix: (§) |

Y (k) %{xﬁ(knx,(z\r k) +i[X1(k) - Xp(N - K)}  k=1,2,---, 5 1
| Y(N—k)= \/—[XR( — Xi(N — k) +i[X1(k) + Xr(N - k)]} (NABEH)

B 73/ DFT thar&at 4(N/2 — 1) REEme it mzHE %4 RDFT kB, mMAHXETE
¥izHg.

\-._./ll

(5)

2 FHMHLH LMS BE&ENIEHKLASTHHE RDFT

BATHE AL LMS A@ENE%TE RDFT 8 B &N RS OER WA 1 frs.
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1 [3vv-neos (2= o(n-1))

7w JRrincos(3+em) o
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SEXIMS Hif W S [

e(n)

1 FALH LMS B@ENH T RDFT ) A &5 38 3 8%

RDFT #3588 {\/2/NV (k) cos[(2rkn/N) + 8(k)];k = 0,1,---, N — 1} 4E4 A& M 1
BARKE, M##HT RDFT MEFS o(n) 4 “WEWE" . X B, ;NRE Wo(n),- -, Wn_1(n),
ELA y(n) FIRE e(n) ALY,

#=4
R(n) & [r,(n),r,(n), -,y _,(n)]” (6)

H e S

Tk(n)=\/%V(k)cos(27;§n+9(k)), k=0,1,---,N-1
il

| W(n) £ [Wo(n), Wi(n), -, Wn_1(n)]T (7)
y(n) = RT (n)W(n) (8)
e(n) = z(n) — RT (n)W(n) 9)

HENBEOENEBE —SHAENEYE, AHNAER, FEEEEHHHIEELIR.
St F# LMS BiENEHE, SEMEEEN (n) = [z(n) - RT(n)Wn))?2, REBEFHHH R
RE e2(n) Wi fim, w5

W(n+1) = W(n)+ 2ue(n)R(n) (0<p<1) (10)

TE, Wn) HHIRRE, Wntl) AT -HARKR, « HBEHET. (9 ARA (10)

o W(n +1) = W(n) + 2uz(n)R(n) — 2pR(n)R” (n)W(n) (11)
ERBEVHERNEBATRE, B W) =[0,---,0)T, AT 58 it 248 75 51 bt o 18] 357 6040 25 B

W(1) = 2uz(0)R(0) (12)

W(2) = 2[2(0)R(0) + (1) R(1)] - 44> R(1)[RT (1) R(0)}z(0) (13)
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FH RDFT gy H—4LIE MK R:

N-1 '
R'(p)R(9) = ) {\/%V(k)cos [2’;\’:” +9(k)]}{ SV (k) cos [2”;,“‘?

k=0

1, p=gq
0, p#gq 29=01,---,N -1

8 RT()R(0) = 0, B, (13) 2 AT RIAL -
W(2) = 2u[z(0)R(0) + z(1) R(1)]
FEAS

Wi(n) =2u i z(m)R(m) n=1,--- N

m=0

4n=NHn, #H (15 A&

\/lﬁ Z:z: cosl N'0+9(0)]

N-1 2 Zl z(m) cos 2mm - 1
W(N)=2p Y z(m)R(m) =2u \/;m:o [
m=0

+601)|

=0

\/_Z:r, cosl27rm NN“1)+9(N—1)]_

+9(k)]} -

(14)

(15)

(16)

BRTHBIETF 20 5, KR WN) 8§ N MTEHRT z(n) G&W N MHE {z2()in =
0,1,---,N -1} g RDFT . EHEENELE, (15) ARETXRE Rn) £1<n< N HEAZ
HZMEXHESHG, »BHX—WE, (15) AF\ERL. Bk, RONIFEREK 11) it H

W(N +1):
W(N +1)= W(N)+2uz(N)R(N) - 2uR(N)RT(N)W(N) =

- N
20 Z z(m)R(m) - 4u® R(N)[RT(N Z m)R(m)]
EREE R(n) WA R(N) = R(0), #FA (14) AWA—HIEXXER, &

N
W(N +1) =21 ) | z(m)R(m) + 2u(1 — 2u)z(0) R(0)

m=1

[=] ¥ AT 15 N1
W(N +2) =2 Y z(m)R(m) + 2u(1 — 2)[x(0) R(0) + z(1) R(1)]
EREGRERTLHE A
n—1 n—N-1
Wrn)=2u > az(m)R(m)+2u(1 - 2u) z(m)R(m) n=N+1,
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BRI B 77 AT LS R A8 4 W(0) = o 0L T, XETA n 2> 1 ROZKIHHAURE Win)

g — M 2 5K
n—1 n—-N-1
Win) = 2u Z z(m)R(m) + 2p(1 — 2p) Z z(m)R(m)+
TN N menmy n—3N-1 (17)
2u(1-2u)* Y e(m)R(m)+2p(1-2p)* 3 z(m)R(m)+--
m=n—3N m=n-—-4N

ERA, mERKF ERAB SO, WEZRMBAFE, YT RAAEEN, mEELMINm=0

JFth. &R p=1/2,n A N BERREAT,

W(IN) =

IN-1

Y z(m)R(m) =
m=IN—-N
i TIN-1

\/%V(U) z :c(m)cos[

m=IN-N

\/_V(l) IN~-1

m!NN

z(m) cos [

Bin=IN(l=12,--

2nm -0
N

2mm -1
N

) W (17) AR

= (18)

IN-1

JEVN -1y Y

m=IN—-N

z(m) cos

l%m' W=1) Lo - 1)]

Z_ z(m +IN — N)R(m)

m=0

IN — 1}
R4

AR, WN) BIFRENZ n=IN HA o(n) 0§ N MHEE {o(n)in=IN - N, -,
# RDFT . % MiEW T & M B KA F p, SRS LMS ([ 5& 5 W83 58 it 8 RDFT .
RDFT %5 DFT @% R ((3). (5) ), TAEILFFISEF5H DFT

3 5 Widrow &K L&

A SR B R B 308 LMS BB M8 RDFT 5 DFT 753, 5 Widrow 42 Hi it 5
H¥ LMS H&NE %5 DFT §77 54 A BB B i 4.

(1) Widrow $3 f DFT (8 %38 #:#% {(1/VN) exp[-i(2rkn/N)};k = 0,1,--- N -1} 4
AEMNEESOHAXE, FH REAAEH LMS A@ENF %, B Wo(n), -, Wy_1(n) . I
il y(n) 5i82% e(n ) ¥ H K. TWiASCE %A RDFT #5080 #t { 2/NV (k) cos[(2mkn/N) +
0(k));k=0,1,---, N — 1} fE A AR R, RHLH LMS A& M H &, MM, A RiR %
¥h s, M, $iﬁ¥fﬂf%’ﬁ&t$iﬁ‘]ﬁﬁﬂﬁ Widrow 8 ¥ i — 2%,

(2) Widrow k@M HHEH, MAXHEMENZH SRS R LHEH, BHit, &
XHEREERA A, A Widrow 8388 5 DFT % 2N — 1 k& RS 2N -2 kM
(GtEs/E% DFT 5388 /55 DFT B8 8RR, I%E%EH) . dTERERETEXRA
3 KRS 3 KL, RXEMTERAHALMELIR, B, Widrow HE® 32N - 1)
WERS 3(2N — 1) + 2(2N — 2) = 10N — 7 RS, A AXH & H L P804 A RDFT
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5 DFT R 2N -1 R3EkS5 2N — 2 R3Em. TR, YHAAXHEHHLFS RDFT 5
DFT &, FriEie kR A Widrow EEM =42 —, TMKRELEARD Widrow 6 74
Z2—. YFHAXHEZITHEERFY DFT &, WG HERNLFI N RDET, BB B4 %
(5) A BHEKREPAT, FIFHILRKE (= 22N~ 1)) L HA Widrow HEM =42 =, Lk
(=2(2N-2)+4(N/2—-1) =6N —8) A8 Widrow HERN Ha42=. FL b, YFTitEIHEA
RDFT v, HAXHEZHHERFS| DFT At ELF5 DFT B MEiritEMHE. A TH—%
BiE, BA%E T Widrow HESAXRBEEN—B/NERF, #3 N =2 ~ 219 L4/ xLF
FIZEFEN EH#HAT TR, SRXAXXEEATTFREZIT0 R AF Widrow HIEKH =52 —.

(3) AXHEEHW Widrow HEEE TH T4 VLSI LM, HTFELH LMS BENEETH
#:F Hopfield #2 M4 o U0, Flt, AXEHE At RDFT 5 DFT 4t 7 & F s
K& &R,

4 &

AXRH THALH LMS GENHEEHHE RDFT 5 DFT i —#5E. ZHEUH REK
ZH, IRAFCRETHBERA Widrow M —¥, 48 LF5) DFT 8, AXHEHLR
KERA Widrow EEK =52 —, TMKEEARD] Widrow EEN A S22 —; 4t H 2R
DFT B}, LRXEB A Widrow EER =42 =, LMKXEARE) Widrow HERHE S22 =,
AXRHEWEZEESESTHOLEE VLSI 52, E 4 A Hopfield 4 M4 LH RDFT 5 DFT
RB®ET —FFHER.
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