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ABSTRACT

The block inplanentatim of adaptive filters
isst:.ﬂieiinthispaper, for the case when both
the reference and the adaptive processes are
rodeled as jnfinite impulse response (IIR)

approach, which leads to a simple updating
equation for the vector of adaptive coefficients.
jo consistency of the cotained block

the scalar case, through a simple computational
conplexity analysis. These comparisons favor the
scalar implementation over the block
implementation. However, the possible efficient
use of parallel Pprocessors make the block
implementation promising.

I. INTRODUCTTION

Block filtering involves the camputation of a
block, j.e. a finite set of consecutive values in
time, of filter outputs fram a block of input
values and past nonoverlapping blocks of output
values. For the adaptive case, the parameters of
the filter are modified once per block, and the
updated values are used to generate the next
block of cutputs.

B@ock IRR filtering has been thoroughly
studied (1), (2], and more recently comprehensive
sbidies of the block implementation of adaptive
finite impulse response (FIR) filters have
appeared in the literature [3]. Similar studies
for the ITR case do not seem to be available,
most prd:_:ably due +to the difficulty of
extrapolating scalar output errcr techniques to
the block implementation case. However, by
nt::qu use of an equation-error-like concept for

GOr_raporﬂirq jterative optimization, a
compurtationally efficient block adaptive algorith
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II. HUJJ(REH&SBHETﬂIIOFJKREGKEHVElﬂadﬁs

I.etusass.methatmedesiredsigﬂl provided
to the adaptive filter can be appropriately
described as a recursive process as follows:

d(k) = :go bjntt-j} *:gl. ajdik=1) (1)

and let f£(*) be an equally structured, equally
dimensioned jdentifier for the process d(+), that
is

f(k) = jgu %j(h)uﬂ.-jj + ‘:;1 i;[k)f(l-i) (2)

For the latter process, form blocks of P output
values, taken starting at k=0, and index such
blocks by Pe AL To express each block as a first
order recursion on past blocks, we restrict to
the case FP>N. Then, (Z)mnbeexpr&ssedin
block form as [5).

Fo . AT e Fe1 + Bl (3)
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£(pP-1)
£(pP-2)
'y
Fo ] epe-n (4)
£{B{p-1)
ulpP-1}
u(pP-2}
ACH (s)
ulpP-3)
a(B(p-1)-8)
-0 :1 iz ;3 .. _-1
[J) ;1 32
.%; 4 0o © a ...
=y * . (6)
00 0 0 .. . 3
l_on b 0. . . 0]




548

R,

e =0 o

by by by by
Fal ad ol
4 |0 bgbyby

Q.

- (8

-~ -~
9 0 bp by

0 0 0. r . ?JH-]_?JH

The appropriate dimensions for (4) - (8) are Pxi,
(PH)x1, PxP, PxP and Px(PHM), respectively.
Manipulating (3), we arrive at the expression

A.Z;) -s&/ﬁ'z;—l) *Q*%p) (9)

where for I an identity matrix of approriate
dimensions,

cr (1 -u%’)-l&{‘ (10)
B ;- oD (11)

Since (1'3{’ is uper triangular, its inverse
always exists and may be recursively camputed
[5].

By use of delay operator notation, (9) can be
put in a transfer function-like form. Defining

a2 Fo - Fpe (12)

then (9) can be rewritten as

.27;: - lx-q“l\g(]"’\%pl (13)

and it is easily seen that
L - LT« giqr AT

thus this inverse always exists due to the linear
indeperdence introduced by.the term Ig to the
rows and colums of (g1 - . Similarly, (1} can
be expressed in block form as

@191 =1 - Q'lmq\.@%?) (14)

with Zip), ™ and F detined sinilarly as (4),
(10) and (11), respectively.

III. BIOCK BQUATION ERROR

We can view equations (13) argd (14) as a block
systems identification scheme. Then the block
output error is defined as

.&p} --_C??IPJ - j;m (15)
which can be rewritten, using (13}, as

_gfm = (1-q"L¥TH {lz-q'mzpl - %PL(

16)
The above equation can be interpreted as tn
second term passed through the system [I-q‘ljﬂ
Thus, by an extrapolation of the equation error
concept for the scalar case [3), [7] we are led
to define in a very natural way the block
equation error as

o fr)
= ¢ u-aet e .
- G - TG0 B e (1)

Also, defining a two-input/one-output non-
recrsive block process as

~ ~ A
Div) £ HDho-1) + Yo (18)
then (17) can be expressed as
~
=ip} .,9;;) -—.@(pl (19}

From (17) and (19), we can realize the dual way
in which the bleck equation error can be viewed,
where a similar situation occurs for the scalar
case [6]. On the ocne hand, the block equation
error can be viewed as a linear transformation
(i.e. filtering) of the block output error, as
given by (17). On the other hand, it can be
viewedastheblodcerrorbetweenthepms
under jdentification &, and the artificially
introduced nonrecursive process of (18).

IV. A BLOCK EXTENDED IMS ALGORITHM

let us define the following matrices of
parameters

9 i _g‘:} (20}
5+ .:;’: (21)

where both have dimensions (2PHN)xP, and define a
(2P x1 information vector as

.| He-ny
Lo ¢ |- YA (22)

Hence (14} and (18) can be respectively rewritten
in a general linear-in-the-parameters form as



e ——

gpl - g7 gp) (23}
Gioy - 87 Lo (24)

In an adaptive scheme, the estimated matrix of
coefficients in (24) is adjusted once per block.
pxtrapolating fram the scalar case, let us select
mmofperfomameasaqudnticfomof
mblockequatimermr. caputed as the norm
squared of (19), that is

—T —
Jip) = e=(p) | mmlP)

. G -Zrpt Do - € Fo
-G (0. Dopy - Grpar e -ZF 8 Die
ol F2p (25)

tion above descr%bes' a time-varying
ﬁdraea‘g hypersurface J: R (@P+M) ». Dpeto
thegr_rwmnlmtdxassm\edfor.ﬁjip, and 9y
this hypersurface will have a global minimam at
§.g - Hence, an jterated gradient descent of
this surface seems plausible. .. Camputing the
gradient of (25) with respect to 8 , we obtain

VéJ(pJ - -zgfpl-@'{(w
+2gp)%p)é (26)

- -zgplgrp)
Thus, the gradient search for the glabal minimm

of (25) is accamplished through the block
extended IMS-type (or BEIMS) algoritim

A ~ —_—T
Biprl) = B(p) + o1 Ziel (27)

where ucanbeselectadasscmemall,fixed
positive step-size for a strict sense steepest-
descent, or as an appropriately chosen time—
varying (2P+M) x(2P+M) diagonal matrix, as an
extrapolation of the scalar case [8, chps. 4, 5].

V. CONVERGENCE ANALYSIS

In a deterministic scalar setting, Mendel [8]
has presented comprehensive results for linear-
in-the-parameters identification schemes, which
is the structure into which equation error-based
identifiers can be casted {4), [5]. For this
case, a Iyapunov stability analysis can be
performed on the resulting reawsive algorithm
used for parameter adaptation to show asymptotic
corvergence to the true parameters of the
reference . TFortunately, C.R. Johnson, Jr.
[9] has extended Mendel's results to the linear-
in-the-parameters miltivariable case, which fits
the scheme of (23), (24) and (27). Using the
results of [9], the following can be shown [5)

: If the estimated parameter matrix @
in (24) is updated by means of the algoritim of
{27), then for ary initial estimate @0 it will
happen that

étp) =>8, as p @ {28)
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where 8 is as in (23), provided that

(i) the parameter error vector and the
information vector are not orthogonal infinitely
many times, of the form

[®- é(p)]szl = 0; ¥p2h (29)
(ii) For p in (27) a scalar, we have

D¢ p < 2 {30)

T
Zondi»

Remark I: (i) gives a nonorthogonal ity condition
similar to those camonly encountered in scalar
recirsive identification. Such a situation is
avoided by the use of a satisfactory (i.e.
sufficiently exciting) Z5,.Clearly, a necessary
condition is that no x;(p), i€ {1,2,...,2P} is
equal to zeroc ¥ PP

Remark JI: just as in the scalar case (8, pag.
208], we can select u =2 [{_%J&”(p,]“for optimm
rate of convergence (in a punov_sense), or as
“=213top)g \prito avoid any possible singularity
(e.g. see [10, pp. 57-58]).

VI. OOMEUTATIONAL COMPLEXTTY ISSUES

By unraveling the matrix equation of (27) into
its components and ocounting the mumber of
arithmetic operations per iteration, it is found
{5] that the ratios of miltiplies 7, and adds

n, between the block and scalar equation error
IIR filters are given by

C1Ey - /2P+ .} )2 (31)

m = —— P

C2E2 K+ M+

;
Cy(E}-1} 2P+ M ;’2p+ M-l

fla & e——— b —e —_—

Cz(tg-l) N+ M+ 1 \ N+ M

(32)

For the case when B=N, same numeric values are

shown in the following table.
N

M

"

(N

[ IV - RV I

-

10

[ R L I SR

1.000
1.563
1.778
1.890
k,960
1.007
2.041
2.066
2.086
2,102

[ R R A

000
667
Jla
964
022
061
088
. 108
.124
2.

Table I: COomplexity Ratios
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VII. SUMBARY

In this paper, a block adaptive TIR filter has
been presented. ‘The concept of equation error
has been extended to the block formalation, as
given by (16) and (17). This in turn was used to
abtain the block adaptive estimation scheme of
(23}, (24) amd (27). Glcbal asymptotic
come_rgemeofthisscharecanbeslmnusing
available analytical tools, for the deterministic
case. For the stochastic case (i.e. noisy
measurements of d(.)) the necessary tools for a
detailed analysis do not seem to be available in
the cuwrrent literature, however bias is to be
expected in the estimates, as for the scalar case

51, (8B].

An increase in the computational load per
iteration-per coefficient is fourd for the block
implementation as compared to the scalar one.
Also, preliminary computer simiations have shown
a slight decrease in convergence rate for the
former as campared to the latter. However, the
possibility of parallel implementations of the
block formilation make this approach promising.
Of course, further studies must be carried out in
this respect.
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