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Abstract

This paper presents new QRD-based recursive
filter. Bilinear recursive least squares lattice

least squares algorithms for bilinear lattice
algorithms are derived by using the QR

decomposition for minimization covariance matrix of prediction error by applying Givens

rotation to the bilinear recursive least squares lattice algorithms. The proposed algorithms

are applied to the bilinear system identification

to evaluate the performance of algorithms.

Computer simulations show that the convergence properties of the proposed algorithms are

superior to that of the algorithms proposed by Baik when signal includes the measurement

noise.
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3 Equation £rror OQutput Frror
SNR A =0.993 A= 000 A =0.003 A= 095
sedl 1.74038E-13 1.GT660E- 14 2HI035E-13 2.20843610- 14
3048 1.32052E-03 754505104 DAGITRE-01 HOIRTOL-04
2048 1. 13963E-02 6.2216515-03 9. 15870H1-01 5.518551-03

(b) RLSL algorithm

N Equation Error Output Error
SNR A =099 A=0.9% A =0.093 A =095
ood 8.99419K-11 1.30692E-11 1.0GHH3E- 10 1.737041-11
30dB 1.32052L-03 THAHTOE-04 HAGITRI-04 5.G187915-04
20dB 1.13963T-02 6.221651-03 9 IH8TGE-03 5.518568-03

. [ [«]
5% x0.9934] A%<} x0.959 ¢ QRD-



E5E

LSL «¢x2]53 RLSL ¢xel5e] Aeah whyst
FH oA whyell dig Fd AFAE vehdn o]

< n=3001%8 5000712 2000749 %2 &
FAE A%t Hagd vebdeh & SdlM A e
i FHea whyels EA3Eel e A
QRD-LSL <253 RLSL dae§2 A 22
THEAE Hole bl AEe] Wl A% QRD-
LSL <txelge] RLSL dxelFel wiste] 5%
TEEAE el sl

22|32 QRD-LSL #2532 RLSL darzisl
A FAE] A A9 FH A o] oAt W
Hug ¢ o 5 Aok =3 ¥ 2 o A7
A2 AR & & Aok ALa w2
2.2} whylell4l QRD-LSL ¢xelse] Als A4E
w5 7R wHe] A Aol E Al & 5 ok

e.qrd-1sl, al, 1=0.993

20

0.0

0 1000 2000 3000 4000 5000
Iteration
()
o,yrd-Isl,al 1=0.993
2.0
T
1.6 |. .
12 1 2048
z |
w 2041t
0.8 00dB .
04 |
0.0 " L " L L : " n L
o 1000 2000 3000 4000 5000

Iteration

(b)

QR E3HHE o83 A5 Y AR S 39

38 2.4 a(n) 8] B AA
(a) Ao daels
(b) Y2 432w
Fig. 2. Mean trajectory of coefficients a, (n)
(a) Equation error algorithm,
(b) Output error algorithm.

409934 ) AlF a,(n), by(n), cp(n)oll A
HEHF AAE 29 2, 1% 4o vhehigich 23
o4 wlAdEy F-Fell e A Ele,l7t A3
Foll 33 Al Efa 9t Elbyell nlste] 322

e.qrd-1st, b1, 1=0.993

0.8 4

E{bl}

0.0 s n " s L " L L L
0 1000 2000 3000 4000 5000
Iteration
(a)
o.yrd-1sl,b1,1=0.993
1.0
08
0.6 0k R
= W
L g
= o
04 | 2008
02 |
0.0

0 1000 2000 3000 4000 5000
Iteration

(b)

J8 3. A4 bi(m 8 HaE AA
(a) Aot etaelE
(b) 424 daEls
Fig. 3. Men trajectory of coefficients b;{(n).
(a) Equation error algorithm,
{(b) Output error algorithm.

(1417)



0 1994% 108

M e @ % gl
€ A%E ude ¢ % 9w RLSL LrelHelA
E e RS 2yg &+ AUt

£ 62 40,993 wio 40.95% %ol 2t A%el
de E FFAEE o2 20000e) AEel oha
AS AAe) A2 BEAE eink o7l 2
o) sl A% Al 23 wheld 7 ASEol 2
Aol oo as)y] wlEo ThE gol ag
& < slek,

L
«

o o o

e.qrd-Isl, ¢12,1=0.993
0.0

-0.1

-0.2

E[c12)

-0.3

-0.4

)

4000

2

1000

2000 3000
Iteration

5000

(a)

o, grd-Isi, ¢12, i=0.993

0.00

2041

-0.10

-0.20

E[c12]

-0.30

-0.40

2000 3000
Tteration

s )

1000

-0.50

i
4000 5000

{(b)

38 4 AF ()Y g AR
a) Ao dwaElE
(b) ¥ A} ¢tzelE
Fig. 4. Mean trajectory of coefficients c;,(n)
(a) Equatio error algorithm.
(b) Output error algorithm.

BT THEHGE

= OE Aol E 2

(1478}

#£31% B $£10 %

A~ 0 <
x 6. 2 Alg2] wkx1=k 200070 A 7F ¥ T
Table 6. Time-averaged coefficients over the
last 2000 data samples.
(a) 4=0.993
QRD-LSL Equation Frror Quiput Error e
ocd3 30483 2nlB 13 Jdn 20018
ap 1.00¢ 0.996 {111 .00 {1199 .41 i.0
@y 1.000 1.150 1.766 1.000 L.07 14580 1.0
az 1.000 1.005 0817 1.4100 131197 .99 1.0
(21 1.500 0184 0197 1.500 1198 0. 181 0.5
by -(1.500 -0.A471 -0.323 -1 500 S0.199 [ <0491 § -0.5
Ca 0.300 0.304 0.303 0.300 11301 0.311 0.3
Coz 0.100 06.009 0.099 0.100 0.007 0.091 0.1
Clo -0.200 -0.209 | -0.2606 -0.200 -0.207 | -0.225 | -0.2
1 -0.200 -0.17h | -0.0%6 | -0.200 ) -0.195 | -0.180 | -0.2
€21 0.100 0.086 0.109 Q.140 0.106 0.117 0.1
€22 0.300 0.317 0.319 .300 0.296 0201 0.3
(b} 4=0.95
QRD-LSL Equation Error Outpat Frror 1y
oodd 30413 2041 ~dB3 3048 20dB
Go 1.000 1.001 1.014 1.000 1.000 1.001 1.0
a 1.000 1.18¢ 1.804 1000 1.044 1.354 1.0
ay 1.000 1.038 0.950 1.000 1.010 1.081 1.0
by 0.500 0.411 0.138 0.500 ).AR4) 0.325 [V
bg -0.500 ~0006h | -0.317 -0.500 SOo102 | 0435 [ -0.5
o1 0.300 {.300 U283 0.300 0.303 0.298 0.3
Coz 0.J00 0.019 0.112 0.100 0.100 (.103 0.1
Cio -0.200 S0.199 | 287 1) 201 0208 | 0211 | <62
cil -0.200 -0.175 1 -p.109 -0. 208 ~0.499 [ <0158 | -0.2
Ca1 0.100 0.008 (1.080 t.100 0.104 0.072 0.1
22 0.300 0.342 0355 0.300 0,303 0.347 0.3
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