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Electrochemical impedance spectroscopy (EIS) isulise
method to analyze the electrode structure and tondi
because time constants in the electrochemical nsgpo
can be discriminated by EIS. The impedance spectsum
usually measured by using a frequency responsgzaral
(FRA) whose principle is on the basis of Fourier
transformation (FT). FT is the calculation methad t
transform data in the time domain to those in the
frequency domain. On the other hand, Itagetkal >
applied Wavelet Transform (WT) to EIS and propoted
calculation method of impedance spectrum from time
series data of current and voltage signals by udiig

WT is one of the frequency analysis methods. WT can
transform data in the time domain to those in the
frequency domain_ retaining time information. The
wavelet coefficient X of a signal X(t) is calculated by
the convolution integral ofX(t) and the function't
called “mother wavelet”.

i(a,b)=%jix(t)yx[%jdt 0

In equation (1) is the scale parametdp, is the time
parameter. Impedance spectrum can be calculat&iTby
with the complex Morlet wavelet for mother wavelet
which multiplied the sinusoidal wave by the gauss
function as a window as follows.
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In equation (2)f. is the center frequency [Hz] amd is

bandwidth parameters The analysis frequencyf() is
represented as follows .
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This mother wavelet is represented by the proddct o
sinusoidal termexp(j2#f.t,,) and Gaussian function.
The waveform of complex Morlet mother wavelet is
shown in Fig. 1. The wave is composed of real ( a
imaginary (i) components. The length of time windofv
¥(t) can be adjusted by the valuecof

(r)

Gaussian function.
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Fig. 1 The schematidiagram of complex
Morlet mother wavelet

In the present work, the conditions of following
parameters on the impedance spectra were discussed.

(1) Suitable sampling time to calculate right imaede
spectrum

(2) Suitable ratio of f. ando involved in the equations
(2) and (3)

(3) Necessary signal length to analyze impedandbeat
low frequency limit

In order to examine the above-mentioned theory, the
measurement of the output signals of current arnhge
was performed by turning on and off of the secondar
battery. The each signal is transformed from tiramalin
to frequency domain using WT. The electrochemical
impedance Z(a,b), whose time and frequency is
represented blg andf./a respectively, can be obtained by

wavelet coefficients of voItageF(a, b),o and current

F(a, b)cur Signals as follows.

_ F(a, b) vol

Z(ab)= f (a,b)

(4)

The details of the results of output signals ofrent and
voltage and the calculation result of impedancetspm
by using WT will be discussed.
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