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Abstract. The study concerns the modelling of a supercapacitor. The frequency characteristics are selected
as the measurement basis for the study. The characteristics are obtained through a measurement setup
featuring a data acquisition (DAQ) device and an arbitrary function generator (AFG). After the
characteristics had been obtained — a parameter estimation procedure is executed. The response of the model

is then compared with the measurement results. An error definition determining the agreement of the
frequency characteristics is introduced. It takes into account both the real and imaginary parts of the

obtained impedances.

1 Introduction

Supercapacitors are devices mainly used in the field of
energy storage [1, 2]. They can provide high power
storage in a relatively short amount of time [3]. In recent
years a considerable amount of research has been made
concerning their potential applications [4]. Therefore, it
is valuable to have access to mathematical models,
which can accurately reflect their responses in various
circuits. The study described in this paper is a part of a
research project concerning supercapacitor models
applying fractional calculus (where their usefulness has
been numerously proven in recent years [5]).

2 Fractional model of supercapacitor

The analysis of this paper is a continuation of the study
in [6]. Fractional calculus has many other applications —
also in other fields, like control systems [7]. In circuit
theory some studies have shown its usefulness when
modelling coils with ferromagnetic cores [8, 9, 10]. As
for the elements of fractional calculus, there are many
definitions of derivatives and integrals [11]. This study
only concerns the application of the Caputo fractional
derivative [12]:
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where the derivative of order o € [0, 1] is considered;
x(2) is the first time derivative of the variable x(). The
object for the study is a BIGCAP@ supercapacitor with
the nominal parameters of 5.5 V and 0.22 F [13]. The
model selected for the study is a generalization of two
simple models often appearing in literature [14]. The
model consists of a fractional capacitor and three linear
resistances (Fig. 1).
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Fig. 1. Applied supercapacitor model including a fractional
capacitor element (the symbol has been first introduced in

[15D)-

3 The measurement setup

It has been determined that the frequency characteristics
of the supercapacitor will provide the basis for the
modelling in order to capture its behaviour for various
voltage and current change rates. Such an approach is
common and has been applied in studies by other authors
[16]. The measurement setup consists of a data
acquisition device and an arbitrary function generator
(the details on the applied devices is given in [6]). An
original algorithm has been applied for the obtainment of
the impedances of the supercapacitor for selected
frequencies in the range f € [0.1, 500] Hz. it similar to
that applied in [9] for coils with ferromagnetic cores
(with some exceptions explained with detail in [6]). The
setup is depicted in Fig. 2.

4 Acquired frequency characteristics

A fragment of the frequency characteristics (up to /= 50
Hz where the changes are still significant) is depicted in
Fig. 3. An estimation procedure has been completed in
order to obtain the fractional capacitor model. The
obtained parameters are:
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Fig. 2. The applied measurement setup (DAQ — data
acquisition device, AFG — arbitrary function generator).

The frequency response of the model has also been
added to Fig. 3.

5 Model verification — error computation

In order to verify the correctness of the model an error is
defined, which has the following form:

@)

where N is the number of the points obtained on the
frequency characteristics (e.g. the number of actual
frequencies for which the impedance has been obtained)
and F; is the following value obtained for each selected
frequency:
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with Z; being the referential impedance for the selected
frequency f;, while Z; is the impedance for that
frequency obtained through simulations (i.e. the model
response). The value of e obtained for this study is equal
to 1.358-107 %.

6 Conclusions

A modelling study has been performed for a selected
supercapacitor. The frequency characteristics have been
obtained through a specially prepared setup (Fig. 2). The
model selected for the study is one featuring a fractional
capacitor (Fig. 1). After an estimation procedure had
been completed (in order to obtain the parameters of the
model) it has been determined that the model can
accurately resemble the frequency characteristics, which
was both visible when observing the characteristics (Fig.
3) and through error computations (Section 5).
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Fig. 3. Comparison of the frequency response of the
supercapacitor with that of the applied model.
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