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Sliding window RLS method based on CORDIC
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Abstract: A sliding window RLS method based on givens rotation is proposed. which can be used to
improve calculative efficiency of the least square adaptive algorithm based on QR decomposition and increase
data throughput. This method is suitable for high sampling rate application, and the input data with sliding win-

dow form can suit more application environment than traditional Givens algorithm. Simulation results are given

to demonstrate the effectiveness of the new method.

Keywords: sliding window; QR decomposition; Givens rotation; coordinate rotation digital computer

(CORDIC)

0 51 &

e/ ZIRA T 1 0 A A P Y W BSOER B L AE O R
SALE A TR L B SN ARSI B BE A
AHOG B B SR 3, 27 SR T Db O 22 B 2 R 3 5 ¥ (direct
matrix inversion, DMD . U315 & b # K, Jf BSR4 3 72
X iR 22 LB BURR A BR RO W W Dy i e SX — () 8, T
R L B 75 SR R 6 R B AH G I 1 SR, T 5K
WA BFHEAT QR 4R B RS E 8L RS E R
PERY L R TR e/ Z AR AN T SRR R SR A R A — A T AR
B R e 3 b R FJCBRAE L, A TR R A S i,
TR S B SR A BRORS B2 0z I, 7 AR 22 1Y 52 W
FEAH R Z XN R AR . Givens Jig ¥ 7l LA
F CORDIC Jy 52 810 3 30KS BT LA A S AR R 48 5 I
I B B AR e T JF B Givens 33k L
CORDIC 1975 2 52 B ) B B AL I 25 4, 35X RF R
Az Ak F H VLST S8, WA MR 5w i s .,
BRI T —Fh 5T Givens B9 B /)y — 3 i [a] 326 #5340 7% |

KB 2009 -02-12; fEEIAHE:2010-01-12,

B 7E L 8 SR N R, A R Ik B 2% I A o 7S 4 BB
TEFAE TSP, R B B T IR A WU 2, A fg
TE 0 R TSV R A 2 I B A5 B A (R] A b RSP T B AR L
1 I 2 A AR 338 J 5 =X A A 1) A 0 e /s — 3 B 0 WA SR
MY B, BRI B3 ik 2e 5, O T M X — [, AR
SCER T — M T Givens YW % RLS (sliding window
RLS method based on Givens, SWG-RLS) 7',

1 ESmm

BB M A KL [ I He Wi fi5 =, Ko 28 1 19 81 o 5 —
AN REALMCEN B F S RG220 B0 B8 R

o (n—Fk+1) xyn—k—+1)
Ay (n) = : : =
x, (n) xy ()
x(n—k+1)

[y (n) x,(n) ==+

xy(m] = |¥n =kt D)

x(n)

TEHEB N AR (1980 -, B LR A, EEA R I AE S A B RERLH AR, E-mail:asdfstony@ yahoo. com. cn



%11

A 45 . 3 T CORDIC 8 1 fie /s — Rk #fE 8 %

+ 2305 -

Az, GO RARH | DREAEn W2 BN E T xR

A n 2 M AREEWHHE S REx, (RS i DK

LM n—r+1 W ZIE] 2 W ZI BRI e SME S K,
n I Z0 B B AE P QR 0 J5 Y R BE T LA FROR Oy

rll(n) rlg(n) rlM(n)
R(n) — 0 a0 (1) rou (1) 2
0 0 G

2 E-F Givens By QR % fi# B 18] 3 #E 2 X
M — 1 B 20RO A 0 QR 4 £ 20K 1%

0n—1) Ay(n—1) = [R("*“} (3)
0

A —A> 57 1 AR A7

x(n— k) ay(n—k)
Ay — o (n—k+1) ay(n—k—+1)
fl(n) .TM(TI)
AM(nil) (4)
x(n)
i — AN Q' (n—1) L flif5
Qn—1 = |¢n—D 0 5
0" 1
Ay LA 3

x(n)

’ R(n—1)
01> A ) = {Q(n—l)AM(n—l)} ,

x(n)

6)
BAE R B 3 — A IERH Q' (), XF 2 (6) 4 bl 1Y 7 FF
4T QR A, TR IEZRHFE Q' Q' (n—1) K15 F
AvOD I QR M, 55— AEQ, (0 M T F R —

TE S 4 {R“’_D}ﬁﬁ( QR 4HfiE. 4.3 (6) o A7 3

x(n)
B 48 B 1A Y R Q7 G WA M, X R Y — A
BHIBE &I A G, T L E ESE AL, () B QR 4 i,
HA ) R R

ri () rp () rim ()
Ry =| O r=0 Fon () (M
0 0 7w

AR v G2 RELISE TR 335 T 7 e A A, DAY A A 33 ol i ) 5 4
T MRS N R B I i e . I AGE T T Y
HEEFHA, ARHRIWITERERN 7, ) =

[ =D+ 2 0 [T e =D 260 iy =0 iy —
ri (n)

ssryn— 1D MR 7 () = [wr (n— D+ |2 () \}]L’ Lo =

Vwr; (n

771)5@ 2 () =g (n) — s/ «/"Erg (n—1)Bpw), B

ri ()
i 0<<w<l,
£ 1 ET Givens ) QR 5 B 185 # 5 ik 01
(n=0) ¥ ik
ri(0)=0,i=1.,2, .M

ry (0 =0,i=1,2,
TR n B2 090 151k

V() =z;(n)i=1,2,+ M

M, j=it+1, M

doi=1,2,--.M
FaG=[ri(n—1D+ |z (n) 12]%

Crin—1)

7 (n)

(-l

29 (),

D)

do j=i+1.i42..M
7 =cir; (n—1) +s2 () sry; () =7 (n)
2TV () =cx P () —s/ r; (n—1)
end of loop j

end of loop i

R QR 73 fiff B 4 A0 TR T2 o3 il o B b SR R Y
ay” G T PVE R e /N ZoR IR 22 2 (o) R e iR 22
A 96 22 1) JLART -2 76 SCHR L1 ] o Bl e S B2 U — b
B/ TIRRE L TER Z UG OU T SR R 0% | S B % 22 T A JEE
H—Aefe /N Z R R EM A X T — 28 R A
TRREM N ZE AR S,

3 ETF Givens B QR R BEHIBHEZR

FEARE) o B 200 B B 09 B Y QR 4
fift, AR B R o — 2 W ZIM BRIy, 252N
B Bt 220 4 B0 % R RS I TR AT Givens BEF: 1935
SERRE AT R T — A n—k B 20 A9 S A SR K R
Y i A 1Y) 28 B St R B AS P AR B, i o] LUK o — B
Z B0 24 VE n B 204 A R8O FE e B 2 IE S R LR
FH Givens [ 52 F2 1 BR H AT R MR 52100

Xt TR A Ay G B e — AT PR e o &

Bu(n) = TA,(n) =

o n—k+1) au(n—k+1)
' ' (8)
x, (n) ap ()
x(n—k) xy(n—k)



AT RS THA

32 4%

e 2306 -
A
0o 1 o 0
o 0 1 :
T= : 0 0 9
0 0 1
1 0 0

%Qmmym>{§m]ﬁ¢gonbﬁiﬁ%,
0

Mmﬁizﬁﬁ%JMm—nm—nfm>Fmﬁ,ﬁ%,
0

TQ" () V39K SR IE AR, B QR J3 e 114 Wi — 4k T 2400, 4 o
7 ) B S 4T 5 64T QR 3%, A2 R 045 SR R G A
o,

% By (o) (0 QR 4 i, T DL 1 2 At [ Aun) sz
x(n—k)

[ R(n)

}s@ QR 4 it F 4 U510 R 1% R (o) . T M
x(n—*Fk)

[ R(n)

}#ﬁ QR 4+t BT L2 T T 42 816 Givens 5595
x(n—*k)

STER, AL, AR E] Ay G B QR AME . H7 K By (o B QR
O3 f PRI S x(e— ) IS MTE BR BI AT, EIEBR x(n—h)
TE By () B QR 43 P2 0, R Givens %k 1038 3 72
3 2 BRAERITT,

£ 2 SWG-RLSHI—% iR

JHAEA 0 I Z IR AL > )

V) =z;,(n—k),i=1,2, .M

do i=1,2,++ M
ri (M =[F2200 — |2 () |2]%

7y (n)
ri (n)

c:

a0 ()

r; (n)

s=

doj=it1.it+2,.M
i () =¢ 7 () — sz ()

0)

) ry(n) T

2D () = = D () =y ()
[an i )

end of loop j

end of loop i

4 SWG-RLS B CORDIC £

LB (o ) B HEFH S (V22,0 B, AT
Pt o) R Hit B,

(i1 p41) = cos $(x;, + 0,2 'yivy, — 2 'x) (10)
K, oo =21.¢ &Ml tan =2 "MRIRMAEE .

FLRE L SRR A e s ) 8 5 08 375 45 51 (VP — 7 L O Y IE
AL ] LR XU CORDIC 5,

(zi1syi1) = cosh ¢ (x; — 27"y sy, — pi2 ') (1D
Tit i i CORDIC i /& 3t CORDIC #8 7] LAk & 1
B 7K 45 4 i 25 45 92 B, Givens i€ 7% AT R H 3% 58 1Y
CORDIC £ B, 1 Givens ¥ JiE # W LL H % i CORDIC
PR,

—{shit {shifl j«—
D D
(% W
o & ,
NP AN

>Lshifih Ashift|<—|
D D
N % @

Bl 1 /K& CORDIC 4544
B AN Givens JiEHE v LIl i 3 D SEE MY Givens
BEHAE He iy 4 A ST B  SWG-RLS 5k il LISR A 2 ffoR
P 7 S, H v O HE 3ROR B2 80 GIVENS Jie 8% 8 g, )\ Ay
B 1Y J2 Wl CORDIC SE 3L B 8 Givens W HER Bk
sy x(-K) x(ny xdm-k) wiin) xln-Ky  xy(n) xdn-k)

=Lk

Ve RERNE T ——
J v SV

Bl 2 SWG-RLS b &M 1{E 5 i A

5 MEXR
ECTPRIER SRR RS PON & GREEE )

BTN A A O B T A

R o T ) R R 0 B O A



%11

A 45 . 3 T CORDIC 8 1 fie /s — Rk #fE 8 %

« 2307 -

B DRSS 5 TR — B R T oL e s, B 7 iR
P25 A Re AT, i 7E E AT 2 BR § 0 B2 R 4 (global
navigation satellite system, GNSS) #i{ 1 #£ A i& i &b B i},
RES BRI A TS T IAES W EENY I
Fo B TImE LS R BIEREGFS Z P H Ik, 75 X F
BE R RO R R R 22 B (B ARGE D).

MR % ICD-GPS-200 7 # , 7 507 3 45 RHCP (f7 Ji 13 A%
) RE E GPS H P 1 e AR W B %o — 159. 6 dBW, #L g
P — 205 dBW/Hz, C/A FHEHL AL B4 55 K —
2 MHz, #F N PR I R 2 — 139 dBW, {5 L 208 —20 dB,
15 BSC K gt SNR=—20 dB, GPS WK FHEnl LI 5 ik
BT L INR=30 dB. 20915 T M Lt SINR=—50 dB,

05 BB R LR B H ¥ 5% Y 3} 3 B9 9 [ IG5 B L A 4T B T
[ B EE B y GPS LR L1 M By ik K 2/2,
5.1 SWG-RLS A= TFHMAEFH A @ E

X—HB 4> 1 SRR W WA — A Se s T 15 T
Me Lt SINR = — 50 dB. T4t A 9 09 75 i f FRAD f 24
N 60°,

M 3 0] LLE 1, SWG-RLS J5 ¥ BE % 70 1E 8 19 T 40 3k
m IR A TR NEBEIE A E L LUE H SWG-
RLS J5 ik B A sbE

0 v
a0
g -40+4
—60
-804k
R}
# 60) :
g, 10 200
o 20 e Y
o et 100 _ﬁw_g;]
() SWG-RLSF B M0 7 1)
90 r'| :r ] T :'
80| [HM cousatd
F \
g 40f '
g L .
20 _____ __ ________________________________________
10}-
% 1 i;{l 2t.JU 30}:
I /)

(b) SWG-RLSH I AL 11 77 I) B R4
3 SWG-RLS FEJE MY A & R 7 1]

5.2 WSUMERELER

X — 43 1 S 06 B 3 A A — N B TE A TR,
& B SINR=—50 dB, T A5 89 5 O £ AR AT £ 35
7 60°,

43 ) % S [8) 9 1 580K BE 25 #F 7 QR-RLS.SWG-RLS
A DMI J7 3 19 W S50HE B A 88U 19 MSE oK, 1 R
2% TE R B 4 HF T L QR-RLS,SWG-RLS il DMI 75 # .
A AR S BE L T2 TSRS BE R R R ] 4 (b) BT R E
32 v % JEOREBE 45 F DMI 5 i WA B P E T % . QR-RLS
P SWG-RLS J7 i e A A PR RE LI TR,

-135
¥
R i S S
g
< -137
[Sa)
w
=
-138 [
-139
0
B gk
(2) TEARFHE B R A ) J5 S i W B i
-125 . .
N -130f-9-------r--------- E— --------- E— --------
Jas] 1 '
Z : :
o . :
w0 1 '
B R e S S
-
- — = i — = T
~140 h h H
0 50 100 150 200
B s

(b) TE320L 7 RS JE 51 T 7R R J7 EE W S5 RE
A :QR-RLS; O: SWG-RLS; [J: DMI;
& 1 WS T B L TR -139 dBW
B4 AR 7k S B L g
5.3 AEFHAESLMET QR-RLS 1 SWG-RLS 1 & Lt 82
XL R WA GPS B &, F i f
7 30° AN AR S 20°, A EL P IRAE B L SNR=—20 dB, %
WOBHE R AR 2. 046 M, Bl —A> C/A RS A RPIAD A,
MHFE - DNESLRTEN T/ A THB L SINR=
—50 dB, THLA G H9 T 457 5 FR AN F 24K 60° 1, TR I AR
SR AAEFAC R R R 5 4 C/A TR, PiFh I ik
BT AL 25 15 B A AR DGR Q& 5 TR,



AT RS THA

o532 %

—_
—_

=3

o]
.

e

3
.

= 06 1z 06 ;
:f 04} ] ?J' 04}
fusg sy

S
[35)
=]
)

% 0.5 1 0 0.5 1
TS AL/ ms TS AL/ ms
Bl 5 —A &g ey 4 & 1T PR ik

BT AL B B0 TRAG 0 B 235 2R

T ST TAT B 3 52 AN TR) ]9 0 Bk e =X S T
5T MLt SINR= —50 dB, TH#HAKCH 6, 7 i K KA
10°,70°,130°,190°,250°,310° s AN F 35 2°, PO FP J5 &40
T4 Ak 25 A5 B Y AH G I A 1&] 6 TR .

e
%
=3
o0

e
>
g
N

e
~

3—fb A Sk
=)
==

U7 — Al K

[=1
[ 8]
=1
8

o

0.5 1
T HAL/ ms

(=}
(=}

(=3
(=}

0.5
TS AL/ ms
Bl 6 HaTP&T R 7 ikyi T 35 i TR U R 43 25 5

AL B TR ST S TR R A X
ﬂ‘lﬁﬁ&@iﬁéﬁﬁﬂ%éﬁﬂﬁu,uI"H‘L}Eﬁ{i,,\ﬁffﬁﬂiﬂ’]i
BROCR BRI TN 2B S F T R T Ak B 07 1%
B PR BE DR T AR B JCE’JL}Eﬁ& GEIEIRPSE
RPN,

6 4 it

SWG-RLS # kT LI T 7 200 6 R A B A 1915
SABE RS TR R T Givens B QR 43 515 A
X3k B Y de /N Z 3R B 1 v B SR G ) A, HLORL A BT I BB
IR VR P Ak 5 4 {45 B3 TT LUAR O 3 19 23 21 systolic
FESEAT IFAT I K A0 B2 L B 38 W AR & i Bl ek R, AR
WA GNSSTEEZ R & FA B L EN T, & &
I8 S I R AR i T R ko S TR C LA AR
BRE T HE XL 7E GNSS Bt 148 9 W L SWG-
RLS 77 b A2 48 19 QR-RLS J7 1 B0 Re i i B 44 ML fG A 55k

SELH:

[1] Proakis G J. Algorithms for statistical signal processing[ M]. New
Jersey: American Prentice-Hall, 2002,

[2] Gao L. J, Parhi K K. Hierarchical pipelining and folding of QRD-RLS
adaptive filters and its application to digital beam forming[ J]. IEEE
Trans . on Circuits and Systems-11: Analog and Digital Signal
Processing , 2000,47(12) :1503 — 1519,

[3] WuCS, Wu A Y. Modified vector rotational CORDIC (MVR-
CORDIC) algorithm and architecture[ J]. IEEE Trans. on Cir-
cuits and Systems I1. Analog and Digital Signal Processing »
2001,48(1):548 = 561.

[4] WuCS, WuAY, Lin C H A high-performance/low-latency
vector rotational CORDIC architecture based on extended ele-
mentary angle set and trellis-based searching schemes[J]. IEEE
Trans. on Circuits and Systems-11; Analog and Digital Signal
Processing ,2003,50(9) :589 —601.

[5] Park S Y, Cho N I. Fixed-point error analysis of CORDIC pro-
cessor based on the variance propagation formula[]J]. IEEE
Trans. on Circuits and Systems 1. Fundamental Theory Regu-
lar Papers, 2004,51(3):573 —584.

[6] Gomes J, Barroso V. A N. Array-based QR-RLS multichannel
lattice filtering[J]. IEEE Trans. on Signal Prrocessing , 2008,
56(8):3510 - 3522.

[7] Meher P K, Valls J, Juang T B. 50 years of CORDIC: algo-

IEEE Trans. on

Regular Papers, 2009, 56 (9).

rithms, architectures, and applications [ ] ].
Circuits and Systems 1.
1893 -1907.

[8] Maltsev A, Pestretsov V, Maslennikov R. Triangular systolic
array with reduced latency for QR-decomposition of complex
matrices [ C]// Proc. of IEEE International Sym posium on Cir-
cuits and Systems, 2006:244 — 256.

[9] Boppana D, Dhanoa K, Kempa J. FPGA based embedded pro-
cessing architecture for the QRD-RLS algorithm[ C] // Proc. of
12th Annual TEEE Symposium on Field-Programmable Custom
Computing Machines, 2004330 -331.

[10] Jun M, Parhi K K, Deprettere E F. Annihilation-reordering
look-ahead pipelined CORDIC-based RLS adaptive filters and
their application to adaptive beamforming[ J]. IEEE Trans. on
Signal Processing ,2000,48(8) :2414 — 2431.

[11] Hamill R, Mecanny ] V. Walke R L. Online CORDIC algo-
rithm and VLSI architecture for implementing QR-array pro-
cessors[ J|. IEEE Trans. on Signal Processing +2000,48(2) ;
592 - 598.





