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Abstract

In this paper, we transformed the bilinear filter into an equivalent linear multichannel
filter and derived QR decomposition based recursive least squares algorithms for bilinear
lattice filters. We also defined order update relation of the forward and the backward input
vectors by using the channel decomposition. The forward and the backward data matrices
were defined by using the forward and the backward input vectors and orthogonalized with
the QR decomposition. we can obtain the lattice equations of the bilinear filters by using the
channel decomposition. we can be derived the lattice equations of the bilinear filters using
this decomposition process which are the same as the lattice equations derived by Baik, we
can use the coefficient transformation algorithm proposed by Baik. We derived the equation
error and the output error algorithm of the QRD based RLS bilinear lattice algorithm. Also,
we evaluated the performance of the proposed algorithms through the system identification of
the bilinear system.
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Table 1

1. 448 32 gej9| QRD darels
. QRD algorithms for Bilinear lat-
tice filters

Initialization{all variable:=0}
DO(T1-1) for m=1,- N

(=10, sL(0)=0 1
DO (T1-2) - (T1-32). for m=1,2,
fu(n)*x(n) bo(my=x(n). ay(m=1.0. éy(n)=nn)(T-2)
f“”(n)"{ d(n=1), x(md(n—1), x(n~Dd(n=1)] 7 t,p=1

[ "n=—pdn-1),x(mydn—p)] " t,p=2,3,-,N~XT-3)
Iteration Procedure
DO (T-1.4) - (T-1.20). for m=1,2,--,N—1
#Forward sine and cosine parameter
Ro(m=aR,_((n=D+[ b5 ,(m]? (T-4)
ch(m)= ARV (n—1) B, (n) (T-5)
shoa(ny= BL (m) R,2Hm) (T-6)
#Backward sine and cosine parameter
R (=R, (n—D+ fI_ () ? (T-7)
b ()= A RIE (n—1) R;,73(n) (T-8)
shoam= fou i (n) R () (T-9)

#Forward prediction error

Bl = ¢l (n=DA R, _(n=1)+ sl (n—1) FI_n) (T-10)
Fhmy=—sh ((n=DA B, _(n=D+chi(n=1) FL_i(m)  (T-1D)
#Backward prediction error

Bha(m=ch (MAE,_(n—=1)+sh () BL_\(n—1) (T-12)

Slm=—st (n—DA" B, (n=D+ct(n—1) b1 _(n—1)
(T-13)
#Forward aux. prediction error

DO (T-1.14) - (T-1.15). for p=m+1,m+2,--,N—1
B (m= el (n=DABEY (=D + st (n=1) FiPT(n) (T-14)

LT == sl (n =D BIM (=1 + ¢fpy (n=1) F 72T ()

(T-15)

#Backward aux. prediction error

BAm(n = b (WA BER (=1 + 551 (m) F () (T-16)
B (my=—s4 (WA BAT (=1 + ¢l () Fir () (T-17)
#.Joint-process estimation error
Buor(m)= € i(m) A By (n=1) 4551 (n) € pr(m) (T-18)
el =30 (WA B0 (n=D+ €l y(R) €, 1() (1-19)
¥Angle variable
Al = Clur(1) @ ey () (7-20)
#Calculate ?N(n), ;N(n)
Fimy=| Il (T-21)

Fir(m)
bum=| Bl (1-22)
b (n)

#Forward sine and cosine parameter
Riu(m=AR. (n~D+] bl (m] (123
cham)=A2RIE (1) Ry (n) (T-24)
shoa(m=BL () R ») (T-25)
#Joint-process estimation error
B (W= cha WA By (n =D+ shi(m) éy-i(m) (1-26)

10 EFILEMRE

(1333)
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exn) =—sh (A" By (n=1)+ ¢l (W) én_y(m) (T-27)
# Angle variable

adm=ch-i(n)ay (n (T-29)
#*Posteriori estimation error

edn)=a,{n) exn). (T-30)

1 For output error formulation, d(n)=

W n)—e(n)
d(n) = y(n)

T For equation error formulation,

V. #FH Algaold

-0
[=1

£ =Rl A/l daelEel A B
slod Aot bzt et Wl s wx]e %
A3 Alzaglel] digh Ala"] APE AR-g Sasigic)

& 89 Y AE wwS "D =7 A (70)
22 A F3 gejo] o] 08 WA sReAek

A5 BRI A9 Y Al B4R 1o] HE
=

24850},

=

ke 89 S de E 2.0 A& ASE o8
slo] 79 ohe S§/Nulh wdB, 30dB. 20dB7} HE
5 53 352 ARl 4ot o] 2% & o
o] 02l A 7RI’ AR Y M3ehe A
AL sle AR Adsn), 2 A8 5089 &
HEl AYS pasle] g P (ensemble avera-
ge)& TaksTh.

H(2)= (70)

i

x 2. A"l A AlggE mlx]9) 4
A8 A
Table 2. Coefficients of the unknown
bilinear filter used in the
system identification.
@=10 | a=10 | a=10
C01=O.3 C“=_0.2 621'_-0-1
cpp=0.1 cp=-0.2 cp=0.3
=0.5 by=—0.5
I7 12 S/NEZF odd wf A2} ups) 3
wptel iR R S FAE vehid AbeAl ax
hE A S B4 Sue] el WT A% 9

Ak = =ZA depde G Az, a0] S de
Ty Ao pedo] whE g g Al 2xke) 7k =}
A depdg & 5 st oIAL T 84t de
o) Aol e F7) wfel wss AvE
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Fig. 1. Learning curves

(a) Equation error algorithm
(b) Output error algorithms
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