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included to demonstrate the efficiency of the design method.

s(t), e~ (t), 5+(t), P(t) concerning the equalization of a digital transmission channel is
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REFERENCES

[1] CCITT, “Physicallelectrical characteristic of hierarchical digital inter-
faces,” G.703, Fascicle Ill, 1991.

[2] Z. Zang, B. Vo, A. Cantoni, and K. L. Teo, “Applications of discrete-
time Laguerre networks to envelope constrained filter designPrat.
ICASSP May 1996, vol. 3, pp. 1363-1366.

[3] Bell Commun., “DSX-3 isolated pulse template and equations,” Tech.
Ref. TR-TSY-000499, issue 2, pp. 9-17, Dec. 1988.

[4] J. W. Lechleider, “A new interpolation theorem with application to pulse
transmission,1EEE Trans. Communvol. 39, pp. 1438-1444, 1991.

[5] E. J. Anderson and P. Nash.inear Programming in Infinite-
Dimensional Spaces New York: Wiley, 1987.

[6] D. Burnside and T. W. Parks, “Optimal design of FIR filters with the

o2 i . A A . i A ; i complex Chebyshev error criterid EEE Trans. Signal Processingol.
0 05 1 15 2 25 St 35 4 45 5 43’ pp 605—616, Mal’. 1995
[s] [71 M. A. Masnadi-Shirazi and N. Ahmed, “Optimum Laguerre networks
i | f discrete-ti tem3EEE T . Signal P i
Fig. 3. Input signals (dash-dotted line), specified output envelapésolid Voorl-agg as;_0210253;%88'2%;}_/51;?1? rans. sighal Frocessing
line), and resulting noiseless output signa(dashed line). 8] z. Zané, A. Cantoni, énd K. L. Teo, “Continuous-time envelope-

constrained filter design via Laguerre filters afitl. optimization
20log(|H(w)|) [dB] methods,” inProc. ICASSPMay 1997, vol. 1, pp. 55-58.
Y T T T T v T [9] X.Chenand T.W. Parks, “Design of FIR filters in the complex domain,”
: : IEEE Trans. Acoust., Speech, Signal Processwvg. ASSP-35, pp.
144-153, Feb. 1987.
[10] D. G. Luenbergeri.inear and Nonlinear Programming Reading, MA:
Addison-Wesley, 1984.

Comments on “A Weighted Least-Squares Method for the
Design of Stable 1-D and 2-D IIR Digital Filters”
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w [rad] Abstract—A recent iterative procedure by Lu et al. for designing IIR
filters is recognized as the Sanathanan—Koerner or Steiglitz—McBride
Fig. 4. Resulting frequency response of equalizer forlap-design (solid iteration, which was proposed originally in 1963 and 1965, respectively,
line) and anLy-design (dashed line). for system identification purposes. We re-examine some claims and issues
related to Lu et al’s paper! in view of various properties that have
normalized frequency of /T as input and produces an output thabeen deduced for the Steiglitz—McBride iteration in the identification
lies within the envelope given by the DSX-3 pulse template [1], [3 iterature. In particular, the Steiglitz—McBride procedure is known not to

Fig. 3 shows the coaxial cable impulse resporsehe output inimize a Ieast-squ_ares distance measure, contrary to Le_t al’s cIaim._

' ) ) - ¢ It can, however, provide good models and remain stable during successive
envelopes, and the resulting noiseless output signalThe solution jterations under specific conditions which are reviewed within.
corresponds to arl..-design with N = § coefficients obtained

with the semi-infinite simplex procedure. Fig. 4 shows the resulting L
frequency response of the equalizer designed when using Ibgth ) )
and L, design techniques. Fig. 4 also shows a comparison with the!l @ recent paper [1], Let al. proposed an iterative least-squares
common FIR filter(a = 0, N = 20), where the ordefV has been procedure for designing IIR filters. In the one-dimensional (1-D)

chosen to match thé..-norm corresponding to thé..-optimal case, the_ iterative procgdure §eekhjo_rd_er polynomiald;(z) and
Laguerre filter of order 8. Ni(z), with Dy (z) monic, which minimize
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in which For the Steiglitz—McBride iteration (1), on the other hand, the
Fy,(w)  desired frequency response of the filter to be designei@ifluence of a nonzero anticausal pait(w) is not so benign. Let
W(w) weighting function; be any constant for which the causal function
Di_1(z) monic polynomial determined from the procedure at R(w) 25 Fr(w)F_(—w) ©)

iteration & — 1. ) " ; .
From an initial “denominator” polynomiaDq(z), minimizing suc- 'S posmvg real. [It Py (w) and F-(w) are bc?th bounded functions,
. . . . : . . then so is the real part ofy(w)F_(—w); we may then take
cessively.Jy, Jz, Js, - - - gives rise to an iterative procedure in WhIChé > sup,, ReFy (w)F_(—w)]. We may then show that the stationar
convergence, if it occurs, takes the form bf.(z) approaching a = Pe R ) y Y

limit polynomial D..(z) as k increases. At any convergent point,pOlnts of the iterative procedure )

yielding, thus,D.(z) = Di_1(z) = Do(z), the criterion., = J, jo— /W Fy(w)Dy(e’) — Np(e’*) du
appears as b . Dy (ei%) ’

T T jwy |- A D ~,(€jw)

. Noo(e?)|? | 2ee)
Joo :/ W(w)| Fa(w) — 5 Epjw)) dw ) * - Blw) Di—1(e7v)
Q oo\
o ) _ coincide with the stationary points of the original procedure (1) if

which is a weighted_,-norm of the error function’; — N/D. W(w) is constant. A proof may be developed using the methods

This iterative procedure is precisely that proposed in 1963 Iyf [5] and is omitted for brevity. The key point is that a nonzero
Sanathanan and Koerner [2] using frequency response measurem@mfigausal parf_ () has an influence akin to an output disturbance
and in 1965 by Steiglitz and McBride [3], using time domainn an identification context; the second term in the above expression
measurements, both in a system identification context. In that contexin bias the final solution, except when its kerRél) reduces to a
Fi(w) represents the frequency response of an unknown systefdnstant [4], [5, Sec. 8.4], corresponding heréfto(w) = 0 by way
and W(w) is the power spectral density function of the inpubf (3). Note that if we use a dense frequency grid as in [1], (I)FFT
process driving the unknown system; this function is constant {Bchniques can be used to zero out the anticausal pafy(@f) (to
Sanathanan and Koerner. Various properties of the Steiglitz—McBrigigthin the frequency resolution of the dense grid), and therefore, we
iteration have been deduced over the years, and the intent of thigially assumé™_(w) = 0 in the discussions to follow.
correspondence is re-examine some of the issues raised by dlu
in view of some known results on this procedure.

I1l. ON THE QUALITY OF A CONVERGED MODEL

Lu et al. claim that any convergent point of the procedure (1) will
o ) yield a local minimum of thel..-norm criterion from (2). This claim
. In F?fde_f to draw more closely on th_e similarities with sys_ter% known to be incorrect [6], [5, Th. 7.2 versus Th. 8.5]; in particular,
|dept|f|cat|on, We assume thaft; (o) admits a convergent Fourier e Steiglitz—McBride procedure is not an optimization algorithm in
SEries expansion any correct sense of the term. It is true that in many cases studied

+o0 (see [7] and [8] for concrete examples), the convergent point(s) of the
Fiw)= > fre™™, with Y |fil* < o Steiglitz—McBride procedure appear(s) acceptably close giobhal
, minimum of the Lo-norm criterion from (2).

One of the few formal results supporting the good quality models
furnished by the Steiglitz—McBride method can be found in [9] for
the case in which the weighting functidf (w) is constant.

Introduce the infinite Hankel matrix

Il. ON THE DESIRED RESPONSE

k=—co k=—o0

We assume, moreover, that the coefficiedts.} in this series
expansion are real.
Split F;(w) into its “causal” and “strictly anticausal” parts as

Fy(w)=fo+ fre ™ + f2e 7% + . (causal) o
F(w)=f e+ f ¢’ +... (strictly anticausal) Ip= fj fi fé—}

Most applications in system identification assume a causal system

Fy(w), meaningF_(w) = 0. This constraint is not immediately ang set its singular values [called the Hankel singular values of
absorbed into the formulation of [1], which may have its dangerg:, (.,)] in decreasing ordersy > oo > o3 > ---. Let F(z) =

For example, a rational modeW(z)/D(z) lending some of its n_(:)/D..(z) be the transfer function obtained at any stationary
approximation power to the anticausal patt () will necessarily (put not necessarily convergent) point of the Steiglitz—McBride

have poles outside the unit circle; if such a rational function is misregghcedure. In [9], it is shown that whenevéi(z) is stable, the
as causal, it becomes unstable. It is therefore desirable to avoid taygatiiting L, error norm can be bounded as

functions F,;(w) having nontrivial anticausal parts. . 1/2
Some of the results quoted subsequently are simpler when the <L / |[Fy(w) — F(ﬁ»iw”? dw) < Gngl. (4)
weighting function¥ (w) is chosen as a constant, although remarks 27 Jox
concerning more general weighting functions will be accommodatéah adjustment to this bound to handle the case in whichw) # 0
where appropriate. As far as the influence of a nonzero anticausah likewise be found in [9] but is omitted here for brevity.
part F_(w) is concerned, we shall treat it here briefly for the case of This bound is relevant because the Hankel singular values have a
a constant weighting functiof’ (w). direct bearing on how well a given function can be approximated in
Consider first the least-squares criterion (2) wh&iw) is con- rational form. A celebrated result of Adamj&m al. [10] asserts that
stant. If we restrict the search space to stable polynomial®fey, it ¢, is precisely the distance, in Hankel norm, betwéenw) and
is straightforward to show that the error surface corresponding to (R set of rational functions of degree not exceedingd hese same
is theoretically insensitive to the anticausal p&rt(w). Numerically, Hankel singular values also provided loose, although quite usable,
however, a nonzerdF_(w) may introduce complications, which bounds on the attainable approximation error with other criteria,
favors settingF_(w) to zero outright. such as thel, and L., norms (see, e.g., [5, Sec. 4.7]). Since the
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global minimum of (2) also satisfies the bound (4) wHéHw) is cide with those obtained from the direct-form version. The sequence
constant (although the local minima need not), it follows that amyf iterates, however, is generally different from that obtained with
stationary point of the Steiglitz—McBride iteration will lie near athe direct-form version, and like that version, convergence remains
global minimum of theL. criterion whenevew .+ is sufficiently difficult to prove.
small. In particular, if estimates of the Hankel singular values of

F4(w) can be obtained, the bound (4) can be used to estimate an

. . S ) . VI. CONCLUDING REMARKS
ordern, leading to a good approximation in the filter design. . . e .
When'V (w) is nonconstant, a similar proximity between a conver- The design examples from [1] illustrate that the Steiglitz—McBride

gent point of the Steiglitz—McBride procedure and a global minimuf'ﬁlgorithm has clear utility in digital filter design. Indeed, it is already

of (2) may still be observed [11]; see [8] for further analysis of thigSed for this purpose in the Signal Processing Toolbox of Matlab
phenomenon. [13]. A clearer understanding of some of the method’s properties,

as outlined in this correspondence, may be beneficial toward further
improvements to the method developed in [1].

We should also note that the iterative quadratic maximum likeli-
Although Lu et al. attempt a convergence inference by appealingood (IQML) technique for direction-of-arrival estimation is known
(incorrectly) to a minimization argument, the question of whether the be equivalent to the Steiglitz—McBride iteration [14]. Some recent
Steiglitz—McBride algorithm will always converge has never beeresults on IQML, concerning (lack of) consistency [15] and conditions
satisfactorily answered, except for the particular case in whighv)  for local convergence with expressions for asymptotic variances [16],
is already a rational function of degree or less [4]. The major are thus of direct relevance to the further study of this family of

IV. ON CONVERGENCE OF THEPROCEDURE

obstacle is that as mentioned earlier, the Steiglitz—McBride algorithmarative methods.

is not an optimization routine. In particular, no known distance
measure has been uncovered whose minima the Steiglitz—McBride
algorithm can claim to seek.

The question of whether a stationary point always exists be
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given a qualified affirmative answer, at least for the case where the an earlier draft of this note.

weighting functionW (w) is constant. As in [12], we say thdt(w)
is “n-fold bounded-input—bounded-output (BIBO) stable” if

> [1]
Z E" | frtn] < oc.
k=1

(2]
This is more stringent than BIBO stability but less stringent than
exponential stability. WheneveF,;(w) is n-fold BIBO stable, the
Steiglitz—McBride iteration admits a stationary point for which the
resulting modelN..(z)/ D« (z) is asymptotically stable [12]. (The
n-fold BIBO stability is sufficient for this result, but its necessity [4]
remains open.) This result, however, does not claim that the set of
stationary points will always include an attractor point for the itera-[s
tion. An extension of this result to nonconstant weighting functions
W(w) remains open. (6]

3]

V. ON THE STABILITY OF SUCCESSIVE ITERATES M

Lu et al. raise the important question of whether each step of the
Steiglitz—McBride iteration will yieldDy (=) as a stable polynomial. 18]
For the case of a constant weighting functiaB.(z) is stable
wheneverD;_1(z) is stable [5, Th. 8.1], [12]. For nonconstant
weighting functionsi?(w), by contrast, the polynomiaD; (=) can
become unstable [4]. Having_ (w) nonzero may also induce risks,
as noted earlier. [10]

In this light, the additional inequality constraints absorbed by Lu
et al. for ensuring stability are of definite interest. We may remarki
however, that the constraint in question [1, eq. (20) or (21)] ig 1
sufficient, but not necessary, for stability B (=). Absorbing such [12]
a constraint is thus tantamount to restricting the search space, which
may conceivably give poor results in some cases, particularly since
[1, eq. (20) or (21)] becomes more stringentragcreases. 1

An alternate approach is to reparametri¥g(z) and D (z) such (14
that stability becomes inherent to the parametrization. One possibility
may be found in [5, Sec. 8.7], using normalized lattice parameters.
Instead of working with the direct-form parameters, with their welll15]
recognized numerical drawbacks, each step determines reﬂectﬂ'%]
coefficients that , by virtue of the procedure, are inherently bounded
by one, thus ensuring stablility. Moreover, the stationary points coin-
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