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Elimination of Noise-Induced Biases in
IIR Adaptive Filtering”
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Abstract; In order to eliminate the estimation bias induced by colored disturbances in adap-
tive filtering,a bias-eliminating least-squares adaptive filtering(BELSAF) algorithm is proposed
in this paper. The convergence of the BELSAF is proved.
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1 Instroduction

In the adaptive filtering of infinite impulse response model the problem of how to e-
liminate the noise-induced biases has not yet been well solved when there is little a priort
knowledge about the color noiset. To this end,a new kind of adaptive filtering algorithm
called BELSAF algorithm is proposed in this paper. It has been shown that the BELGAF is
convergent and it can yield consistent filtering results even without modelling the noise.
2  Problem Formulation

As well known the IIR adaptive filtering is equivalent to the parameter estimation of a

system given by

—d -1
= q—;%(—?—l)—)u(k) F o) o))

where A(gT) =1—ayqg ' — - — a,q~ " Bl@) =by +big e+ b.q "y and ¢~ 'is the
unit delay operator(i. e. ¢ 'y(k)=y(k—1)). «(k) and y(k) denote respectively the system.
input and observed noisy output. v(k) is some disturbance of unspecified character and un-
correlated with # (k).

Define the parameter vector §° = [a",6%] = [a1s** 3@a3b05b157" ,b,.]. Then the prob-
lem of IIR adaptive filtering is to estimate the parameter vector g from the available ob-
served data {«(%),y(&)}Y. Of coures it is preferred that the estimates should converge to
their true values as the sample size N tends to infinity.

3 The BELSAF Algorithm

By the same principle as in[2]. a stable digital filter 1/F(g™") is connected to the iden-
tified system at the input terminal,where 1/F(q™") is defined as 1/F (g O=1+fig '+
-+ f.q~". The following augmented system is thus obtained
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Y = q_j%%)l;(k) +o(h), - )
where
B(g™) = F(@WB@™") =b +bg™t + = + bag "ym =m + n, (3)
uh) = ﬁ,ﬁu(k). 4
Rewrite the system(2) in the signal-regressive form as
y(B) = FiQy + v(k) — via (5)
where
F° = [aT,5"]) = [a1sazs " »@n3Bosb1s " b ] (6)
I = [yCk — 1)y, 3k — n)sulk — d)yooeu(k —d — m)]. <!
The LS estimate of 8 and it’s asymptotical property are given by
d N N
B.s(N) = %;MI)—’ —i—,;@y(k)). ®
2 - i Ko
lim@ s(N) = 0 + Rz' (p, — [ :la), (9)
O] Grt 1%
where
7T = [750] = [re(1)s7(@) s 057w () 50, ++,0] € R, (10
v
Ry = lim [ >3] av
Introducing a matrix H as
A e A1
HT = || 00 0e e | € Rrx kit (12)
D

where A,(G=1,2,,n) denote the n zeros of F(g~"). Then using Eq. (3) we can get
H™ = 0. a
Multiplying H" on both sides of (9) gives
- = R,
HT lim8 s (N) = H™RZ (b, — [ }a), (14)

Noas OGr+1rxn
Next,let us examine ¢ (k) which is defined as

& () = y(b) — g0 (V). (15)
From Eqns. (8) and (15),we get

. lim Ty (@ 1) & lim %é (B)E = 7 (0) — lima@ls(N) (ry — Rua) — #la.  (16)
N—+oo N—+oo N-—+oo

It is noticeable that Eqns. (14) and (16) provide the (n+1) linear algebraic equations re-
quired for obtaining the (n+1) unknowns 7. (i)yi =0,1,+,n. Replacing the true value ¢
with its BELS estimate 8 nes (N)in Eqns. (14) and (16),we can establish the following

recursive scheme for estimating 7,,(i),i=0,1,2:*,n at the time instant N.
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_dayfpaty iR DT iz
H™Rg (N (3, (N) — Gas(N — 1)) = H'015(N), an

(n4+1)Xn

R, (N)

fw(O)(N) i, P’IT,S(N)(;V‘(N) aa [ ]&BELS(N -1

(m+1) x4
— O Fas(N — Dp.(N) = JnCl1s)s 1s)

where 7,,(0) (N) , 2o (N), Ry (N) 5 dpers (N) and 8 ses (N) are the estimates of 7, (0) s Do
R.,,a and 0 respectively.

Thus we can get the following algorithm, which will be called the Bias-eliminated
Least-squares Adaptive Filtering (BELSAF) algorithm.

Algorithm 1

step 1 Design a stable n-th order filter F(g™") (see [2]) and insert it into the system
{0 obtain the corresponding augmented system;

step 2 Initialize the starting value of the BELS method by an arbitrary real vector

0 sers€0).

step 3 Estimate the parameters of the augmented system via the ordinary LS

metheod , which gives 8 1s(IN) (see Eqn. (8)).
. step 4 Solve the set of equations Eqns. (17) and (18) to determine the estimate

p.(N) and R.,(N),whose elements are the estimated ACFs of the noise.

step 5 Calculate the estimate B sers (N) by performing the bias correction as follows:
R, (N) ]

(r+1)Xn

EBELS(N) = yl,s(N) = R;zl(N);u(N) = l: &BEI,S(N = 1))~ (19)

step 6 Repeat step 3~5 until some convergence criterion is satisfied.

step 7 Compute the estimate Bpers (N of the original system paraimeter vector § from

Baps (N (see Eqn. (3)).
4 Convergence Analysis

As discussed in [2],it will be sufficient to consider the consistency of 8 seis(IN): Here
the technique of random contraction mapping [3] is employed to analyse the convergence
property of the BELSAF algorithm. First of all, we will give two useful lemmas ,which are
easily proven to be true. ‘

Lemma 1 P and D are two symmetric non-negative definite matrices such that R=P
+D is positive definite. Let Q=R 'D. Then,

1. The eigenvalues of Q are real and all lie in the closed interval [0,171;

9.Q has an eigenvalue equal to 1 if and only if P is singular.

Lemma 2 Suppose that u (%) and v (k) are ergodic random sequences with zeto

means,and are mutually independent statistically. If the input «(&) is persistently exciting
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of order (n+m-+1),then 8 can be determined uniquely by the algebraic equation(9). Be-
sides,
. Rw v O :
Amnx(R;Vl[ Gt D NI, }) <1, 200
where Au( * ddenotes the maximal eigenvalue of a matrix.
With the above lemmas we can obtain_ the following theorem to illustrate the conver-
gence property of the BELSAF algorithm,

Theorem 1 When the size of sampled data approaches infinity, the‘estimated param-
eter vector 8 ges (V) obtained from the BELSAF algtorithm is an asymptotically consistent
estimate of 8 for any initial value Bgrs(0) ,namely,

hmp BELS(O) == 9,, w. D. 1. (21)

N-rco

Proof The technique of random contraction mapping proposed in [3] is adopted here
to verify the theorem.
Consider a mapping given by

Onx(ﬁﬁ-l)

Rw g .y &
T(z) =z — [ — R;—J[ e })x — limB (V) + Rg'p.],  (22)

where z is an element in the space R"*"*!,

Firstly,as pointed -out in Lemma 2,Eqn. (9) has a unique solution 8. Thus, the map-
ping T'(x) has a unique fixed point,i.e. , there is unique x such that 7'(x)=ux.

Secondly ,since

Rw } OIIX (m+1) ‘

TG = T | < Ry o 22 [(AESEY P

we know by Lemma 2 that the mapping 7 is contractive
Next it can be seen that the estimated ACFs of the noise computed from Eqn. (17)

and (18) are consistent with their true values provided that § is known
Replacing p,s R lim@ ,5(N) and Rﬁl by their consistent estimates P (N, 8),R, (N,
N—+oo . .
8),8 .s(N) and Ry (N) respectively,we will obtain a random contraction mapping as fol-

lows ;

R,(N,x): Ouxa
Ty(x) =z — [ — R3} (N)[ ------------ S e o35 :‘)x

— BN + R (BN, 2], 20

It has been demonstrated in [3] that the sequence of random vectors {# ses (N} gen-

erated by the algorithm

O aps(N) = TN(éBELS(N'_ 1)), " (25)
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with an arbitrary initial value 0 ers (0) sconverges to din Egn. (9) as N approaches infini-
ty. i \ ; 7
Substituting Eqn. (24) into Eqn. (25) lead to the scheme of Eqn. (19) ,then the con-
clusion of the theorem follows. N
5 Simulation Example

An example is given in this section to iltustrate the performance of the proposed BEL-

SAF algorithm. ' _ ‘ ’

Consider a fourth-order system where A(q l)——1-{—1 3g7'—0. 229" ﬁ—O 832q_3

289¢~*, and B(g~')=1.Here the noise is assumed to be a colored noise simulated by

10 Floq"JrO?oqz
— 0.9 " + 0.95q

« (k) is a pseudorandom binary mgnal of unit magmtude (k) is zero mean white, noiée with
a variance such that the SNR is 10. The prefilter is designed to be Fi(q~ D=(1-0. Sq—l) 1
—0.6¢71)(1—0. 75g™) (1 —0. 9¢7H.

The BELSAF algorithm:is applied ten times. For each test the sampled data size N
changes from 200 to 500 and 10 1500. € is take to.be 0. 001, Table. 1 lists the mezn values

v(k) = se (k).

and standard deviations of the estimated parameters ,from which we can see that the BEL-
SAF algorithm has a good convergence rate and estimation accuracy.

Table 1 Simulation result

N a, ; az a3 a, bo
T 200 | 1.01040.087 —0.24740.043 —0.927:0.078 —0.2480. 047 1.073£0.032 |
500 110940, 044 —0, 2350, 032 —0.892:£0.065 —0.2574:0.034 . 1.1039=0..029
1500 L 21140.027 —0.23340,021 . — 0, 874-£0.33 —0.2630.028 1.05130.017
true value 1.3 —r 2z S 83 ) —0. 289 L
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