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Chebyshev’s noise spectroscopy for testing electrochemical systems
B. Grafov*, A. Klyuev, A. Davydov**, V. Lukovtsev

A. N. Frumkin Institute of Physical Chemistry and Electrochemistry of Russian Academy of Sciences, Moscow, Russia

Received December 7, 2016

Revised January 11, 2017

The electrochemical noise spectroscopy based on the orthonormal Chebyshev’s polynomials of discrete variable is
presented. Chebyshev’s noise spectroscopy has an important advantage. The majority of Chebyshev’s spectral lines is
stable with respect to a drift of electrochemical noise. This property of Chebyshev’s noise spectroscopy is demonstrated
by the examples of electrochemical corrosion noise and the noise of lithium primary power source. Chebyshev’s noise
spectroscopy can be used as a technique for non-destructive testing in various field of pure and applied electrochemistry
including electrochemical energetics and electrochemical corrosion.
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INTRODUCTION

The electrochemical noise spectroscopy has
great advantages [1-14]. Under the conditions of
electrochemical noise spectroscopy, an
electrochemical system is not subjected to any
external electric impact. The internal state of
electrochemical system does not change in the
course of noise testing. The electrochemical noise
spectroscopy has many areas of application,
including the electrochemical corrosion processes
and electrochemical energetics.

In many cases, the analysis of noise data is
complicated by a drift of electrochemical noise,
which can considerably distort the noise spectra
[15-20].

The aim of this work is to present the
electrochemical noise spectroscopy based on
orthonormal Chebyshev’s polynomials of discrete
variable [21, 22]. Chebyshev’s spectroscopy has an
important advantage. The majority of discrete lines
of Chebyshev’s noise spectrum are stable with
respect to a drift of electrochemical noise [23, 24].
The stability of discrete lines of Chebyshev’s noise
spectrum is demonstrated by the examples of
electrochemical corrosion noise and the noise of
lithium primary power source at the open circuit.

ALGORITHM OF DISCRETE CHEBYSHEV’S
NOISE SPECTROSCOPY

Let us consider a random time series Y(t)
containing N - M samples. A period of discretization
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of electrochemical noise signal is taken as a unit time.
A random series y(t) can be formed, for example,

by using discrete measurements of open-circuit
voltage of primary power source. A random time

series y(t) is divided into M segments {y™}.
The number of segment m takes all integer numbers
from 0 to M —1 inclusive. Each segment contains
N samples. Index t (the sample number inside a
segment) takes all integer numbers from0to N —1

Let matrix P, beasquare N x N matrix based on

the system of orthonormal Chebyshev’s polynomials of
discrete variable t (t =0,1,..., N —1). The subscript

k of matrix P, indicates a degree of Chebyshev’s
discrete  polynomial (k=01,...,N—1). The
information on the properties of Chebyshev’s
polynomials of discrete variable is available from [21,
22].

The matrix product of the matrix P,, by a random

vector y™ forms a set of random vectors {P,, y™}:

N-1
Pktyt(m) = Z Ptht(m) (1)
t=0

To each segment with number m, its own
random vector Pktyt(m) corresponds. To obtain a

discrete Chebyshev’s spectrum Y?, a square of

random vector (1) should be averaged over the
entire set of segments:

2 1 2
Yk( ) :_Z[Pktyt(m)] )
M m=0

The sample intensity Y, of any spectral line k

of Chebyshev’s spectrum was calculated by
equation (2). In our experiments, the total number
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of samples M -N did not exceed 2'° and the
segment length N did not exceed 16. The choice
of relatively small values of N enabled us to
obtain discrete Chebyshev’s spectra (2), Y, with
a high degree of averaging.

Fig. 1 shows the discrete Chebyshev’s

polynomial of the 15" degree, when N =16. It is
seen that the discrete Chebyshev’s polynomials
serve as a window [25, 26]. A modulus of the
Chebyshev’s polynomial in the center of segment
has the largest value.

2584
[ ]
T
0.4 e
I fi
II |I II“
.
224 i li4 i
| \
% ! | | .
E « 0 | [
'S 004 o—e g7 [ | | oy n e—g e
8’ AN Vo l' | I'. / »
= ] "‘ | I o
|
a2 S
\) !
14 - I
[
.
- T N — —
2 ¥ ? 4 i & 0 12 14 15

index

Fig. 1. Discrete Chebyshev’s polynomial of 15"
degree (N = 16).

STABILITY OF DISCRETE CHEBYSHEV’S
SPECTRUM WITH RESPECT TO A DRIFT OF
CORROSION NOISE

Figure 2 (curve A) shows a discrete realization
of electrochemical  corrosion  noise. The
discretization frequency was 45.5 Hz. The noise
signal was measured with an IPC-Pro MF

potentiostat (Russia). The realization y.(t) of

. . . . 15
electrochemical corrosion noise contained 2
samples.
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Fig. 2. (A) Electrochemical corrosion noise of a couple
of identical NiMo16Cr15W electrodes y(t) and (B) the
same noise with added artificial drift y(t) + y.O(t).

To check the stability of intensity of Chebyshev’s
spectral lines with respect to a drift of
electrochemical noise, an artificial drift signal

ye' (1) izati
c was added to the realization vy, (t):
y&(t) =, -tanh(t/t.), €©)

where be = -2 V and T¢ =215 Figure 2

(curve B) shows the total signal y. (t) + y{ (t),
(the realization plus an artificial drift).

Figure 3 (A) shows the discrete Chebyshev’s
spectrum Y,”® of corrosion noise signal . (t)

calculated by equation (2) (N =8). Curve B (Fig.
3) shows the discrete Chebyshev’s spectrum of the
total signal y.(t)+ y{(t). It is seen that the
dependences A and B (Fig. 3) almost coincide at all
spectral lines except for lines k=0 and k=1.
When an artificial trend (3) is added, the intensity
of the first spectral line of Chebyshev’s spectrum
increased by 35 times. It is seen that the intensity of
high spectral lines starting from the line kK =2 of
Chebyshev’s spectrum is stable with respect to a
drift of electrochemical corrosion noise.
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Fig. 3. Discrete Chebyshev’s spectra of (A)

electrochemical corrosion noise of a couple of identical
NiMo16Cr15W electrodes y.(t) and (B) the same noise
with added artificial drift y.(t) + y.(t).

STABILITY OF DISCRETE CHEBYSHEV’S
SPECTRUM WITH RESPECT TO A DRIFT OF
CORROSION NOISE OF LITHIUM PRIMARY

POWER SOURCE

The fluctuating voltage y, (t) (Fig. 4, curve A)

of uncharged lithium primary power source LS-
33600 (Saft) (17 A h) was recorded with a
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spectrometer of electrochemical noises (Frumkin
Institute of Physical Chemistry and
Electrochemistry, RAS). The discretization
frequency of noise signal was 25 Hz. The noise

signal realization contained 2" samples. To
demonstrate the stability of Chebyshev’s spectrum
with respect to a drift of electrochemical noise, an

artificial drift signal y® (t) was added to the curve
A (Fig. 4):

y(t) =b_-tanh(t/1,) (4)

where b, =02V and 7, =2%.

The total signal vy, (t)+ y(®(t) is shown on
Fig. 4, curve B.
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Fig. 4. (A) Noise of lithium primary power source
LS-33600 y.(t) and (B) the same noise with added
artificial drift y, (t) + y, ().

Figure 5 gives the Chebyshev’s spectra (N =8)
for noise signal y, (t) of lithium primary power
source (A) and for the total noise signal a
y, (1) + y{?(t) (B). The Chebyshev’s spectra were
calculated by equation (2). .
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Fig. 5. Discrete Chebyshev’s spectra of (A) noise of
lithium primary power source LS-33600 y,(t) and (B)
the same noise with added artificial drift y, (t) + y, “O(t).
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Figure 5 shows that the intensities of spectral
lines k =2,3,4,56,7 for dependences A and B

virtually coincide. The Chebyshev’s spectra are
stable to a drift of electrochemical noise. The
exceptions are the spectral lines k=0 and k =1.
The intensities of these lines are rather sensitive to
the drift of electrochemical noise. When an
artificial trend (4) was added, the intensity of the

first spectral line (K =1) of Chebyshev’s spectrum
increased by 291 times.

CONCLUSIONS

The electrochemical Chebyshev’s  noise
spectroscopy is a powerful tool for gaining the
information on the internal state of electrochemical
systems without imposing an external electrical
signal. The intensities of spectral lines, starting
from the second spectral line of Chebyshev’s
spectrum, are stable against a drift of
electrochemical noise.

Sustainability of discrete Chebyshev spectrum to
a strong drift of electrochemical noise is the basis
for reliable noise monitoring of electrochemical
systems. Moreover, the sustainability of discrete
Chebyshev spectrum allows one to investigate the
structure of electrochemical noise. The structural
description of noise of electrochemical systems can
be used for their monitoring.

We can perform the discrete spectrum analysis
of electrochemical noise with a strong drift by
using the transformations of other type. The
transformations include the discrete wavelet
transformation [9] and the discrete Fourier
transformation with special windows [25-26]. We
believe that the Stoynov rotating transformation
[27] can be wuseful for spectral analysis of
electrochemical noise with a strong drift. A
comparison between the spectral properties of
discrete Chebyshev transformation and the spectral
properties of the discrete transformations outlined
above is outside the scope of the present paper. The
authors hope to discuss this topic elsewhere.

The Chebyshev’s noise spectroscopy s
appropriate for soft testing of electrochemical
systems. The soft testing, i.e. testing without
imposing an external electrical signal, is especially
important for the devices and systems of
electrochemical energetics and the electrochemical
corrosion systems.
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CrNEKTPOCKOMNMA HA WWYM HA YEBULLEB 3A TECTBAHE HA ENEKTPOXMNYHW CUCTEMI
b. Mpadhos*, A. Kntoes, A. Jasngos**, b. JlyKoBLEeB
A. H. ®pyMKvH VIHCTUTYT NO (hU3MKOXUMUS 1 eNeKTPOXUMUSA Ha PyckaTa akafemus Ha HaykuTe, Mocksa, Pycus
MocTtbnuna Ha 7 gekemBpu 2016 r.; kopurmpaHa Ha 11 aHyapu 2017 T.
(Pe3stome)

MpeacTaBeHa €  CMEKTPOCKONMS Ha OCHOBAaTa Ha E€IEKTPOXMMMUYEH LUYM, KOSTO Ce 6asnpa Ha OpPTOHOPMaHM
No/IMHOMM Ha YebuLLleB ¢ AMCKPeTHa NpoMeHInBa. CneKTpoCKonusaTa Ha YebuLues Ma efHO BaXKHO MpeayMCcTBO - Mo-
ronsiMa YyacTt OT CNEKTPaSIHUTE IMHMM Ha YebuLueB ca CTabuHM MO OTHOLLUEHWE Ha Apeida Ha eNeKTPOXUMUYHNSA LLIYM.
ToBa CBOICTBO Ha CMEKTPOCKONMsATa Ha YebuilleB € AEMOHCTPUPaHO C MPYMEPU Ha €eKTPOXMMUYEH LUYM MpK
KOpo3usl, KaKTO ¥ NpW LIYyM B NATWEB MbpBUYEH eneMeHT. LLlymoBaTa crnekTpockonusi Ha YebuiieB Moxe fga ce
13M0/13Ba KaTo TeXHMKa 3a 6e3paspyLUMTeNHO TeCTBaHe B Pas3fIMYHM 06/1aCcTV Ha YMcTaTa U NPUoXKHa eNeKTPOXUMMS,
BK/IOUMTE/HO B €/IEKTPOXMMUYHATA EHEPreTUKA W eIEKTPOXMMUYHATa KOPO3WS.
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