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Abstract

In this paper, a new two dimensional (2D) adap-
tive filter structure is developed. It is based on mod-
eling the impulse response of the 2D IIR systems as
a finite linear combination of a set of 2D Laguerre
orthonormal functions. When long impulse response
system is required to identify, computer simulation
shows that the 2D Laguerre filter has better perfor-
mance than the conventional 2D FIR filter at the same
computation cost.

1. Introduction

Adaptive IIR filtering has recently drawn great
interest among researchers in the adaptive signal pro-
cessing community [1]. This is due to its potential of
achieving better performance and more computation-
ally efficient than adaptive FIR filters. Despite such
a relative success, FIR systems are almost used exclu-
sively. This is due to the difficulty of ensuring stability
and the existence of local minima in the error surface
of IIR system.

In order to obtain simultaneously desireable fea-
tures of both IIR and FIR system: trivial stability
and computational efficiency, many researchers have
used orthogonal functions such as Laguerre, Legendre
polynomials to approximate IIR systems [2]-[4]. In
system identification and echo cancelling, these 1deas
have been shown very successful. However, all adap-
tive algorithms are restricted to 1D filter case. The
2D adaptive algorithm is still not investigated.

In this paper, we derive a new 2D adaptive algo-
rithm using 2D Laguerre sequence. This filter has
the desirable stability, unimodal error surface, and
modular implementation. When 2D Laguerre filter is

required to identify 2D system with long impulse re-
sponse, computation simulation shows that it has bet-
ter performance than the conventional 2D LMS FIR
filter {5].

2. 2D Adaptive Laguerre Filter

2.1 2D Laguerre functions:
In the following, the 1D Laguerre function is first
reviewed. Then we extend it to 2D function case.

Fact 1: Let the Z transform of 1D Laguerre sequence
lg(n,b) denoted by

Li(z,b) = nz:%u(n,b)z-" - Vic bz(l(L‘b)k—

— bz-l)k+l
(1)

then it can be shown that

< 1 (n, b, lka(n, b) >= 6(k1 — k2) )

where 0 < b < 1 and §(.) is delta function.
Fact 2: Let the Z transform of 2D Laguerre sequence
lx1k2(m, n) denoted by

[o ol <]

Z Z ly1g2(m,n)z17™227"

m=0n=0
= L;,l(zl,bl)Lkz(zQ,b2) (3)

Liyka(z1,22)

then it can be shown that

< lklkz(m, n), Ik3k4(m, n) >= 6(101 - k3)5(k2 - k4)
(4)
where 0 < bl < 1land 0< b2 < 1.
2.2 Filter Structure
The input-output relation of 2D linear time invari-
ant (LTI) causal system is given by the convolution
sum
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y(m,n) = E E h(i,j)z(m ~- i,n — j)

i=0 j=0

(5)

Now, impulse response h(m, n) is expanded in term of
2D Laguerre orthonormal sequence {lx1x2(m,n)}:

oo o0
n)= Y > wekalkikz(m,n)

k1=0k2=0

(6)

where

wr1kz =< h(m, n), li1ko(m, n) >

(™)

Substitute eq(6) into eq(5) and change the order of
summation, we get

o0 o0
ym,n) = Y > weikaviiea(m, n) (8)
k1=0k2=0
where
vkik2(m, n) Zzlkllﬂ (#Nz(m—1i,n—j3) (9)

=0 j=0

In practice, only a finite number of Laguerre sequences
can be used. As such, eq(8) is trunced into following
finite summation terms:

M N

30 " wiikovkira(m,n)

k1=0k2=0

y(m,n) = (10)

Thus, we can implement 2D Laguerre filter by the
structure shown in Fig.1. When 41 = 0 and 52 = 0,
this filter reduces to the 2D FIR filter. For b1,52 # 0,
this filter is IIR type and its stability is guaranteed if
0<|b1)<1and0< by < 1.

2.3 Memory Area Versus Filter Order

Memory depth concept has been used to study the
performance of 1D gamma filter [6]. Here, we intro-
duce similar memory area (MEMA) concept to discuss
the properties of 2D Laguerre filter. The memory area
AEM A for the MxNth order Laguerre filter is defined
as

oo 00

z ZmnIMN m,n)

(al'+'ﬁlﬂl)(az +-ﬂ2ﬁ¢)

MEMA

1l

where
bi/T— b2
(1-19;)2

5 = 1+ b;y/1—b? -

T=b0) i£1,2

@; =

Next we define the spatial resolution R of the filter
as the number of free parameters per unit of area in
the filter memory. This is equivalent to the number
of free parameters (M N) divided by the memory area

MEMA:
MN

MEMA an
The following formula reflects the tradeoff of resolu-
tion versus memory area for fixed M and N:

R=

MN = MEM AxR (12)
Such a tradeoff is impossible in 2D FIR filter, since
the fixed choice of b1 = 0 and b2 = 0 set the memory
area and resolution to MEMA = MN and R = 1.
However, in 2D Laguerre filter, the memory area and
resolution can be adapted by variation of b1 and b2.

As an example, assume a signal y(m,n) whose
dynamics is described by a system with 2 parameters
and maximum delay 5x10:

y(m,n) = 0.6z(m—1,n-2)40.5z(m—>5,n-10) (13)

If we try to model this signal with a FIR filter, the
order choice M = 5, N = 10 leads to overfitting. How-
ever, M < 5,N < 10 leaves the filter unable to incor-
porate the influence of 2(m—>5,n—10). In 2D Laguerre
filter, the choice M = 1,N = 2 and b1 = 0.5,62 = 0.5
leads to 2 free parameters and memory area of 50, it
is obviously a more efficient structure.

2.4 Adaptive Algorithm

In the following, we will derive an adaptive algo-
rithm for on-line estimation of the expansion coeffi-
cients wi1x2. If d(m,n) is the desired response, then
the output error will be given by

e(m,n) =d(m,n) —
M N
2y

In general, the filter parameters are updated by min-
imizing the mean squared error, i.e.,

y(m,n)

= d(m,n) WkikaVk1k2(m, n) (14)

J= %E (€*(m, n)) (15)

If steepest descent algorithm is used, then filter pa-
rameters can be updated by

wrik2(J + 1) = wira2(j) — u (16)

Owi1k2
where iteration number j = mP + n if the size of
z(m,n) is PxP. It means that the filter parameters
are updated line by line. Let us use the instaneous
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value of J to replace its ensemble average value, then
we have

. ~ udet(m,n
wi1k2(d + 1) = weir2(j) — 5‘6&2—) (17)
From eq(14), we get
2
6—;@@- = ~2e(m, n)vgira(m, n) (18)
Wk1k2

Thus, adaptive algorithm can be written as
wrk2(J + 1) = weik2(4) + ue(m, n)vrixz(m, n) (19)

The step size u is sufficiently small for ensuring con-
vergence of algorithm.

2.5 Convergence Condition

In the following, the stability condition of the
mean weight is performed when input signal z(m,n)
is white noise.
Fact 3: If z(m,n) is zero mean white noise process
with variance o2, then it can be shown that

< vpika(m, ), veapa(m, n) >= o26(k1—-k3)6(k2—k4)

(20)

Now, taking expected values of both sides of eq{19)

and assuming the weight at the iteration number j is

independent of vgir2(m,n), yields a difference equa-
tion describing the mean value of the weight:

E(wr1ka2(j + 1)) = (1 - uo®) E(werka(5))
+ uE(d(m,n)vgip2(m, n)) (21)

Note that fact 3 have been used in the above deriva-
tion. Eq(21) converges for large j whenever

1 —uo?| <1 (22)
This condition is equivalent to
2
O<u< = (23)

Hence, the algorithm converges in the mean sense if
step size u is less than the reciprocal of the half of
input signal power.

2.6 Example

In this following, we present numerical simulation
results when Laguerre filter is used in a 2D system
identification configuration.

The system to be identified is the

0.08

Alzy,22) =
(21, 22) 1-0.6271 — 08251 +0.4827 125!

(24)

The input signal z(m, n) is a normal (0, 1)-distributed
white noise with size 30 x 30. All computations are

performed with Matlab on a IBM PC compatible com-
puter. The parameters used are M = 2,N = 2, and
step size u = 0.05. In order to study the effect of
parameters bl,52 on the filter performance, we show
the relative total error 8 = E(e%(m,n))/E(d*(m,n))
in Fig.2 after LMS algorithm convergence. It is clear
that the 2 x 2 2D FIR filter (b1 = 0, 52 = 0) performs
poorly (8 = 0.3502) whereas 2D Laguerre filter with
(b1 = 0.5,b2 = 0.7) performs well (8 = 0.0006). Thus,
when the number of free parameters is fixed, 2D La-
guerre filter provides a better modeling characteristics
than 2D FIR filter.

3. Conclusion

In this paper, a new 2D adaptive Laguerre filter
is developed. When long impulse response system is
required to identify, computer simulation shows that
the 2D Laguerre filter has better performance than the
conventional 2D FIR filter at the same computation
cost.
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Fig.1 2D Filter Structure Using Laguerre function.
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Fig.2  Performance index 8 as a function of b, b, for IIR system identification.
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