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Abstract. The article presents a comparison of the modified method of the moments and the System
Identification Toolbox ™ for the purpose of determining equivalent parameters (depending on the space
point, time constants, delays, row of inertia) of simplified transfer function models.

1 Introduction

Simplified transfer function models are widely used in
automation, electromagnetic fields, temperature fields.
These models can be used to describe the dynamics of
diffusion processes. The simplified model is a model
described by lower order transfer function than the order
of the base model. In practical applications, simplified
models are used of second, third or fourth order.

Determining the parameters of transfer function
models from the frequency response is not an easy task.
In practice, there are few tools and methods that allow
this [1], namely: transfer function spectral approximation
method (Rao-Lamba method); method of approximation
of real and imaginary parts of the nominator and
denominator of spectral transfer function (Reddy's
method); method of the moment and modified (by the
authors) method of the moment (MM) [2,3].

One of the few existing tools that allows to determine
the parameters of transfer function models is the System
Identification Toolbox ™(SIT) from the MATLAB®
package.

This paper presents a comparison of the quality of
simplified models obtained using the modified method
of the moment and the System Identification Toolbox ™.

2 Calculations

In this work, the following transfer function models were
compared:
ky ky exp(—sz,) 12, ky
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The results obtained with MM and SIT were
compared with the reference results obtained in
simulations in the COMSOL Multiphysics® program,
which uses the finite element method (FEM) for the
appropriate Helmholtz equation. The simulation was
carried out in frequency domain. The measurement point
located inside the screen (» = 0 mm, z = 40 mm) was
selected for the comparative analysis.
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Fig. 1. The tested can screen model.

The model was placed in a homogeneous field directed
along the z axis.

In order to determine the parameters of transfer
function models (1) using the MM, it is necessary to
determine the first two normalized moments M, and M,
from the formulas (2)(3).
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The error of approximation were defined as:

, 2
5=l [B.(NH)-B(N)] df, 4)

where: B,(f) - values of the B, component of the
magnetic flux density vector obtained from models with
estimated parameters (MM or SIT),
B(f) - reference values of the B, component of the
magnetic flux density vector obtained from the
COMSOL Multiphysics® program (FEM),
Je - limit frequency.

Figures 2, 4, 6 present frequency characteristics of
MT1, MT2, MT3 models, respectively.
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Fig. 2. Frequency characteristics of the MT1 model.
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Fig. 7. MT3 model matching error.

Table 1 shows the numerical results of the error
calculated in accordance with equation (4). Lower value,
better model fit.

Table 1. Error ¢ calculated from the equation (4).
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MT1 2,68 69,52
MT2 2,18 6,49
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Fig. 5. MT2 model matching error.
1 =
0.8 .
S o6t ]
@
<
& 04 FEM )
................ MM
L SIT T
0 | | S~
0.1 1 10 100 f[Hz]

Fig. 6. Frequency characteristics of the MT3 model.

3 Conclusions

The results of the research show that both the MM and
SIT enable quite correct approximation of the parameters
of simplified transfer function models. However SIT was
not able to determine the equivalent time constant for the
MT1 (see Figures 2 and 3) which strongly differ from
the reference results (FEM). For the MT2 and MT3
models both methods give similar and acceptable results,
but MM produce smaller or much smaller errors (4). It is
worth to note that the MM has one major advantage over
SIT. It allows easy implementation in other algorithms
(including in source codes). Numerical experiments have
shown that estimation of simplified transfer function
parameters on the basis of complex frequency
characteristics proved to be more effective not only in
the frequency domain (expected result) but also in the
time domain (i.e. [3]).
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