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1 Introduction
Nonparametric estimation of Transfer Functions (TF) of
Linear Time-Invariant (LTI) systems provides valuable in-
formation about the dynamics of the system under consid-
eration that can be used further to obtain an accurate para-
metric model. The evaluation of the TF on the unit circle is
known as the Frequency Response Function (FRF). Differ-
ent approaches are proposed in the literature to deal with the
transient effect, e.g., Spectral Analysis, Local Polynomial
Method, Local Rational Method, etc.

Recently, regularized frequency domain estimates of both
the FRF and the transient effects within the Gaussian Pro-
cess Regression (GPR) framework have been introduced in
[1]. More specifically, both the FRF and the transient effect
are assumed to be a realization of a zero-mean real/complex
GP with a certain covariance (kernel) function that encodes
the expected behaviour of the system, e.g., smoothness and
stability, etc. The kernel function has to be flexible enough
to describe a wide range of dynamical properties, e.g., stabil-
ity, resonance behaviour, damping, etc., and at the same time
it should be parameterized by a low number of hyperparam-
eters. In [1], the kernels from the time-domain, e.g., Diag-
onal/Correlated (DC) kernel and Stable/Spline (SS) kernel,
have been formulated in the frequency-domain. Although,
these kernels guarantee the stability of the resulting esti-
mates, there are other dynamical properties that can be en-
coded in the kernel and be beneficial to improve the accuracy
of the estimates, e.g., resonance behaviour. Inspired by the
realization theory of dynamical systems, a rich class of ker-
nel functions for transfer function estimation based on Or-
thonormal Basis Functions (OBFs) can be formulated. This
class of kernel functions provides an efficient way to incor-
porate a wide range of expected behaviour, i.e., resonance
behaviour, stability, damping, via the generating poles of the
OBFs [2].

2 Regularized FRF estimation with OBFs kernels
OBFs are generated by a cascaded network of stable in-
ner transfer functions, i.e., all-pass filters, completely de-
termined, modulo the sign, by their poles. These OBFs
constitute a complete orthonormal basis for the function
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space RH 2, which is a Reproducing Kernel Hilbert Space
(RKHS) with a well-defined reproducing kernel function,
of rational functions over C with real coefficients that are
squared integrable on the unit circle and analytic outside of
it. In order to guarantee the stability of the estimated FRF
and to limit its complexity, we include an exponential decay
term in the construction of the kernel

K(e jω ,e jω ′) =
∞

∑
τ=0

dτ(β )ψτ(e jω)ψ∗τ (e
jω ′), (1)

where {ψτ}∞
τ=0 are the OBFs and the decay term dτ(β )→ 0

as τ → ∞. A possible choice is dτ(β ) = τ−β ,β ≥ 0, where
β determines the number of significant basis functions. The
generating poles of the OBFs and β are considered to be
unknown hyperparameters and are tuned by maximising the
Marginal Likelihood.

3 Numerical Simulation
Figure 1 shows the regularized estimates of the FRF of a
resonating second order discrete-time system. The Signal-
to-Noise Ratio (SNR) is 10 dB. Two kernels are considered,
namely, DC kernel and Kautz basis based OBFs kernel. The
capability of OBFs based kernels to model resonance be-
haviour over the DC kernel can be clearly seen from the fig-
ure.
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Figure 1: Comparing DC kernel with Kautz basis based
OBFs kernel to estimate a resonating system.
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