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ABSTRACT gle output (SISO) estimation techniques (only 1 S-
o _ parameter is modelled at a time).
The aim is to build a model for the S-parameterm this paper a more straightforward solution is used:

matrix of a linear, time invariant multiple-port myitiple input, multiple output (MIMO) estimation
system operating at RF frequencies. The protechniques are used to model the whole S-matrix in

posed method delivers stable, accurate model@n€ step. The problem of ill-conditioning during esti-
mation is solved by using orthogonal Forsythe poly-

star_tlng from measurements as well as from SIMfomials [3]. As noise is always present, a maximum

ulation data. The use of orthogonal polynomialsjikelihood estimator (MLE) is used in the frequency
allows high model orders. domain [4]. The noise properties can either be meas-
ured, or can be assumed to follow some law (e.g.

white noise) when dealing with simulation data. The
1. INTRODUCTION noise is assumed to be uncorrelated over the frequen-

) ) ) ] .. cy and the correlation between the different meas-
A linear or linearised hlgh frequency n-port device is ured S-parameters can be ignored. Because the
characterised by its scattering parameters (S-paramemcertainty on the S-parameters is known, model er-
ters). In general, the S-matrix is described by an irrayors can be detected. A complete description of the

tional expression in the Laplace variable= jo . Formodel construction and the numerical implementa-
a limited frequency band, it can be shown that ap+jon details can be found in [5].

proximation by a rational model of finite order $n
is possible [1]. This means the S-parameters of an n- 2. METHOD DESCRIPTION
port can be modelled using a common denommatok MODEL STRUCTURE

rational model as shown below,
Consider the case of an n-port. Each S-parameter can

zz[i/] ai s 0jw) be written in the form (1). The common denominator
Sj(w) = &~ =0 1hJ - i,j =1..n (1)  model permits to include the relation between the S-
Zi—obk Hjw) parameters in the model. Thus the Scattering matrix
- has the following form:
wherez;; - +d+1<2xF .z, » represents the order _
of the n[ﬁr%erator correspor[lldjl]ng wih,  amd isthe [S(w@)] = [N(w)]/D(w) @
order of the common denominato¥. denotes theHereby, [N(w]) is an nxn matrix of polynomials.

number of measured frequencies. The parameters t@(w) is a single polynomial.
be estimated arg; ,, arg

) . . N (w) = Zz["vﬂa o w)
It is not obvious to model S-parameters over a wide ij r=0%l0 r 3)
frequency range because the problem is often ill-con- =< b ik
ditioned. A possible solution is to divide the frequen- D(w) = % - obx )

cy range into narrow sub-ranges [2] but this results in .
models that are complex, which causes the need fofSSUme the S-matrix S(w,) to be measured or

robust model reduction techniques. Other disadvanSimulated at a discrete set of F angular frequencies
tages of this approach are the absence of selectiof¥ -The introduction of additive zero mean complex
rules for choosing number and position of the fre-Gaussian noise S, (w,) leads to the following model
guency bands, the large amount of steps required tequation for the measured or simulated S-parameter
build a model, and the limitation to single input, sin- at frequency w,:
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S j](ook) =S| j](wk)+sN[,. j]((*)k) (4) HP 8510B network-analyser. Settings were as fol-

lows:

whereE{ S, (w,)} =0 .
B. ESTIMATION METHOD Range 45 MHz - 10 GHz

) o ) ) Mode stepped
The Maximum Likelihood estimation of the parame- Averages 100
ters is obtained by minimizing the cost function i
V(S,, 8) with respect to the parameters . Dwell time 20 ms

Nbr points 801

V(S,, ) = £(S,,8)"(s,,0)
An adapter removal calibration was accomplished

-
£(S5,,0) = [slT...eZ] [4]. Dwell time was included to ensure that all tran-
. sients are damped.
g, = W(wp)vec(S,,(w,)D(b, w,)—N(a, w,, _ b
- To illustrate the performance of the method used,
6=1[ab'] S,, and the modelling residual are shown in the fig-

) ] ] ures 1 and 2. Note that no difference can be seen in
The measurement points are weighted according to

their variances, The weighting functianr(w,) for 0]
the MLE is a Ax n? diagonal matrix which can be
written as follows:

-1
0 (W)
JD(b, 00,) DI(b, w,)

whereo%(w,) is the covariance matrix of the meas-'2-30 | |
urements at frequenay, . <

C. VALIDATION OF THE MODEL -401

W(w,) =

()

mplitude (dB)
R
o

A tool for validation is the value of the cost in the es- e
timates, which can reveal if model errors are present 0 1 2 3 4 5 6 7 8 9 10
The mathematical expectation of the cost function is
given by the expression [4]:

4
3] % %\
E{v} = Kmodel+ Knoise (6) 21
Under the assumption that the noise has a normal di¢ T 4
tribution, the mean noise contribution to the mathe- £
matical expectation of the cost function is given by ¢ 0
[7] g1
o
Knoise = nl:_np/2 (7) 21
Hereby,n is the number of outputs, is the number  -31
of frequencies ana, is the number of unknown pa:- 4
rameters, 1.e. 0 1 2 3 4 5 6 7 8 9 10
n, = ZL 127= 1(2[1,, s 1)+d (8) | Frequency (GHz) |
Fig 1: Model (-) and measurements (x) of the ampli-
3. EVALUATION OF MODEL tude (top) and phase (bottom) of S;;.
EXTRACTION FROM MEASUREMENT
DATA figure 1 between the measurements and the model.

To show the error profile, the magnitude of the com-
The device under test (DUT) used in this evaluationplex error|S, — S| is shown in figure 2. An agree-
was a Low-Pass tubular filter with cut-off frequency ment better than -40 dB is obtained for the whole
at 2,2 GHz. The measurements were performed on frequency band. Figure 2 also reveals that the com-
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tained with a common numerator order for the

-40 different S-parameters were satisfactory.
501 complex error The selected model has a value of 625376 for the
cost function while the noise-only contribution
o -60 K oise. Nas an expected value of 1540. This discrep-
c) ancy indicates a contribution of model errors (see
2 -70; l K model 1N €quation (6)). It is probable that the peaks
2 ] h m at apprOX|mater 3 and 6 GHz (figure 2) that appear
= 80 ey in the magnitude of the complex error mainly cause
g 90" W this high contribution to the model order. This will be
the subject of further research.
-1001 | standard deviation | Although a black-box approach was used to build the
model, the poles are still located on an ellipse in the
'1100 1 2 3 4 5 6 7 8 9 10 left half plane, which is the expected behaviour for
an inverse Chebeyshev filter. When raising the model
Frequency (GHz) order instable poles appear. This is an indication that
Fig 2: Magnitude of the complex error between mod- there is no need for a higher order model, because
el and measurements and standard deviation of the these poles obviously fit the measurement noise or

some small non-idealities (non-linearities). This is
supported by figure 4, in which the absolute value of
the Function of Dependency [8], and the absolute
gfﬁhr(ae%oélgfgdrse?nngrl]?srger than the standard deviation "Values of the 95% and 99% fraction bounds are plot-
ted. The FOD is a klnd of whiteness test on the com-
The orders of the nominator and denominator haveplex residual S, The shape of the
also to be chosen. To get a first rough idea about thEOD proves that onl‘§/ sma?l dynamlcal linear model
order needed in MIMO, the initial calculations were errors are present. These can be due to the calibration
done in Single Input, Single Output (SISO) becauseesidue.
this is much faster. Based on this, the orders of the
numerators and denominators were set at 34 (mod 450
34/34). Further MIMO simulations revealed that low- , 404
ering the model order still gave stable, satisfactor@
results. Finally, based on the evolution of the cost ii 3 3501
function of the order, shown in figure 3, a model 01m 3001
order 24/24 was selected.

measurements of Sy;.
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1201 cy (FOD) and the 95% and 99% Fraction Bounds.
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Model order + 1 SIMULATION DATA

Fig 3: The cost as a function of the model order The goal here is the identification of a model from as
few data points as possible. The model built with the
proposed techniques allows good interpolation. To

It is possible to assign a different order to the numer{prove this two models were built, one starting from a
ator of each S-parameter, but here the results obdense set and another from a sparse data set.
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In the shown experiment, 2 data sets describing a 5. CONCLUSIONS

multipole filter were generated by means of an EM-

field solver (HP-momentum [9]). A dense data setThis paper presents a method to build accurate linear

(m1500) describes the S-parameters of the filter irmodels starting from measurements as well as from

1500 frequency points while a sparse data set (m122imulation data. Although a black box approach was

describes the same filter in only 122 frequencyused, these models are capable of extracting stable,

points. To show the model’s performance, the resultsneaningful poles from standard measured data. On

found for S,, are plotted. The estimation is done inthe other hand, the very same algorithms perform ex-

SISO and the model order is 41/43. An MLE weight- tremely well as an interpolator for EM-field simula-

ing is used. tor outputs.The used techniques are numerically well
conditioned, hence high order models can be calcu-

As shown in the figures 5 and 6, there is only a smallated.

loss in performance (<-30 dB over the whole fre- _ o

quency band) caused by the reduction of data pointdd Very important point is that the proposed method

This indicates that the proposed method can ven@llows for model validation and requires only mini-

easily be used to interpolate simulation results ob-nal user interaction.
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Fig 6: Error between m1500 and models based on
the m1500 (__) and m122 (...) data set respectively.
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