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ALGORITHM FOR COMPUTER PROCESSING OF KINETIC DEPENDENCES OF
THE RESPONSE OF A GAS SENSOR WITH INTELLIGENT COMPONENTS

Abstract. The purpose of the work is to develop an algorithm using intelligent components that
will allow processing of experimental data of response kinetics of resistive gas sensors based on
the algorithm of the model of the stretched exponential function of Kohlrausch Williams Watts,
without operator intervention. The problems of implementing full automation of the
information measuring system for the study of the main characteristics of gas sensitive sensors
the selection of the most informative time interval are describe. The algorithm for processing
the experimental kinetic dependence of the response of gas sensors based on the model of a
stretched exponential function with intelligent components that allow choosing the most
informative time interval from the processed kinetic dependences is present.

Keywords: algorithm, stretched exponential function, gas sensor, response, parameter
calculation, automation, information and measurement system.

Introduction. The study of the kinetic dependences of the gas sensitivity of
gas sensor materials allows us to obtain more accurate and detailed information
about their characteristics, which is important in their search and practical use [1-3].
These dependencies are also of interest for monitoring finished gas sensors.

In practice, such measurements are fraught with some difficulties. This process
usually takes a long time and requires multiple cycles of processing and analysis of
large amounts of experimental data. To eliminate routine operations associated with
the processing of experimental data, to increase the speed, accuracy and information
content of the research process itself, it seems relevant to automate it using com-
puter technology. In [4, 5] the prospects for solving such a problem by creating a
specialized information and measurement system (IMS) are shown.

It should be note that one of the key components of the software of such IMS is
the algorithmization of experimental data processing processes based on appropri-
ate mathematical models [6-9]. For primary processing of data obtained from studies
of gas sensors in [1, 4, 5], a phenomenological relaxation model is used based on the
stretched exponential function Kohlrausch—-Williams—-Watts (KWW)
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f(t)=exp[-(t/T)P], where t - time, p and 1 — parameters [10, 11]. It use to describe the
kinetics of relaxation dependences of the response, in particular, at the stage of res-
toration of the gas sensitivity of the sensor.

As shown in [1], the use of this approach allows us to obtain significantly more
information about the phenomena that determine the phenomenon of gas sensitivi-
ty of sensor materials. The data presented in [4] indicate the reality and effectiveness
of computer processing of a significant amount of data in the process of carrying out
the physical and chemical measurements under consideration.

However, the data processing algorithm used in this work does not allow the
implementation of complete automation of the IMS for studying the main character-
istics of gas-sensitive sensors. The main reason for this is the need to select a seg-
ment from the time dependence of the main parameter - sensitivity to the active gas,
the data of which allows one to correctly estimate the parameter 3 of the KWW func-
tion, which approximates the kinetics of sensor recovery. These actions require the
operator's direct participation in the data processing process. It should be note that
in [12] an algorithm is proposed that makes it possible to exclude the participation of
the operator in the process of processing and primary analysis of response kinetics
measurement data. However, in this method, the value of the amplitude parameter
SO of such a stretched exponential function must be determined independently,
which is not always possible.

As is known, one of the rapidly developing areas of ensuring the automation of
computer processing of measurements is the use of artificial intelligence tools and
methods [13]. These methods are used in systems for monitoring the physical prop-
erties of various materials [14, 15], measuring mechanical quantities (aircraft posi-
tions) [16, 17], testing and analyzing faults of electronic devices [18], etc.

In this paper, an algorithm based on a stretched exponential function with in-
telligence components is proposed and justified, which makes it possible to exclude
the participation of the operator in the process of processing and primary analysis of
measurement data of the response kinetics of resistive gas sensors.

Description of the algorithm. As already indicated, the advantage of the algo-
rithm for processing and primary data analysis used in [1, 4, 5] is the absence of any
additional assumptions. Only the results of measurements of the kinetic dependence
of the sensor response S(t) are used. Accordingly, the approximating dependence
used as a model for the primary phenomenological analysis of the experimental ki-
netic dependences of the response of a gas-sensitive sensor in the area after removal

of the active gas was assume to be represented in the form
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5(t)=S50- exp[—(t/r)ﬁ] ) (1)

In accordance with [1, 19], the mathematical procedure for finding the value of

the unknown coefficient  includes the following operations:

- numerical determination of the derivatives d log S(t) / dt based on the exper-
imental kinetic dependence of the form (Fig. 1) and representation of this depend-
ence in coordinates tx[d log S(t) / dt] and log S(t);

- visual selection of the area above the specified dependence, where the ac-
cepted model is applicable (i.e., the dependence becomes straight, and the coeffi-
cient f itself is the tangent of its angle) and calculation of the value

B=A { tx[d log S(t) / dt]}/ A log S(b); 2)

Representation of the initial kinetic dependence in the selected area in coordi-
nates In S(t) and t* (B - already known) and approximation of this dependence by a
straight line allows you to determine the values of the remaining parameters of the
KWW function using the following formulas

=[-AInS(t) / A (t*)]# ; SO=exp{In S(t)+(t/)"}. (3)

The disadvantages of the algorithm under consideration, such as significant er-
rors associated with the operation of numerical differentiation, the need to support
the data processing process by a qualified operator when choosing the most informa-
tive time interval in the experimental kinetic dependence. One of the possible means
of overcoming shortcomings, as well as in selecting analytical expressions that de-
scribe the dependence of these parameters on the influence of one or another factor
specified by the research program, seems to be the use of components of methods
that are known for solving artificial intelligence problems [20, 21].

Below it is proposed to use this approach to determine the parameters of the
KWW function that approximates the experimental kinetic dependence and their
dependence on one or another factor x. This algorithm eliminates the need for oper-
ator participation in the process of analyzing intermediate data.

A description of the main operations of the algorithm under consideration can
be present as follows.

1. The entire time range of each (i-th) experimental dependence S(t) is divided
into several intervals with a sufficient number of points for the numerical determi-

nation of the time derivative (for example, n=4).
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2. These intervals are considered independent and are used to calculate several
(n) sets of values for each of the parameters of the approximating KWW function
(B, SO, 1). These sets can be presented in the form of tables {B;}, {SOx; } n {t;}. Index
k corresponds to the number of the factor value, the influence of which is study in
this experiment (for example, temperature T). This index varies from 0 to (m-1),
where m is the number of processed dependencies corresponding to different factor
values. Index j is the number of the selected time segment of the relaxation depend-
ence. j=0, 1, , n-1 (in the example given n=4), k=0, 1, ..., m-1 (m=5).

It should be noted that the parameter values (B, SO, 1), found in different time
intervals have some scatter, the presence of which can be associated with the influ-
ence of both a random factor and the general degree of approximation of the de-
scription of relaxation processes of this type using the KWW function.

Based on the data from each interval of the experimental relaxation depend-
ence, the coefficients of the approximating expression of the form (1) were deter-
mined using the well-known least squares method [22].

The measure of the quality of the approximation was the root-mean-square er-
ror of the approximation, divided by the empirical average value (coefficient of vari-
ation), which is determined for each section of the relaxation dependence using the

formula
| _Np—1[ C i N .
\;zijo [s}{—snk,j-exp[—tt}{;r;{,jj]] J(Ng—1)
Vi = TS 4)
Z1'=D '\k-"""\'k

where t} and S} - are the time and response values for the j-th section of the k-th

kinetic dependence (at the value of the operating measurement factor xi. Ni — is the
number of experimental points of the k-th kinetic dependence.

To select the optimal section of each relaxation dependence, the condition of
minimum value of the corresponding root-mean-square error of approximation was
used, that is, the rule, which for the k-th kinetic dependence has the form

IF vy i = mm(vh ),-), THEN the jm-th set of parameter values is selected. (5)

It should be noted that to improve the quality of approximation, the size and
location of the selected optimal area can be changed using other logical algorithms
(for example, they can be expanded or shifted).
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The numerical values of the parameters Bi, SOk and 1« selected in this way are
used to analyze their dependence on the influence of the variable operating meas-
urement factor x.

3. The choice of the type of formulas that analytically represent the dependen-
cies B(x), SO(x) and 1(x), can be based on dividing them into two most general clas-
ses: monotonic (decreasing or increasing) and having an extremum. It was assumed
that in the studied range of factor values, monotonic ones can be approximately de-
scribed by the simplest regression equations of the form

f1(x,a0,al) = ald + al, (6)

f1(x,a0,al,a2) = a0 +al-x + a2- x?, (7)

and those having an extremum - by the formula

Bs(x.a0,al,a2) = al-exp {_

:::x—al}z]
2-a3?

)
If necessary, a number of approximating functions can be expand and change.
For the parameters of the KWW function parameters SO, t you can also use similar
approximations and procedures for their determination.
The values of the coefficients a0, al and a2 found by the least squares method,
i.e. by minimizing the function

Fi(al,a2,a3) = YXi25[Px — Bi(xx,a0,al,a2)]?, )

where [=1,2,3.

Analysis of the optimal use of approximating expressions (6)-(8) can be carried
out on the basis of calculating the corresponding coefficients of variation avg’:Z} using
formulas similar to expression (4). The notation z takes the values (3, SO and r, re-
spectively.

The justification for the final choice of the type of approximating formula thus
made in accordance with the simplest production rules of the form (3):

IF v = min(v,”), THEN the Im-th approximating formula selected. (10)
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Test results. An example of the experimental kinetic dependence of the re-
sponse at the stage of restoration of a resistive gas sensor sample shown in Fig. 1.

S(t) 2r ]

ol 1 1 1 |
0 100 200 300
t,s
Figure 1 - Typical relaxation curve of the response of a gas sensor sample when
restoring its original state. Experiment — thick curve of gray circles, approximation

by a stretched exponential function - solid thin line

Below are illustrations of the actions that are implement by the described algo-

rithm (Figures 2 and 3).
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Figure 2 - Response relaxation curve
Fig. 1 in coordinates {tx[d log S(t) / dt]
and log S(t)}. Mugs are an experiment.

Figure 3 - Response relaxation curve
Fig. 1 for different time intervals in

coordinates {InS(t ) utf }.
Linear approximations at different

time intervals (indicated by The remaining designations correspond

numbers 1, 2, 3 and 4) - solid line to those adopted in Fig.2.

As can be seen from Fig. 2, the entire curve can be represented by linear de-
pendencies in each of the 4 intervals, which allows using expression (2) to find the
corresponding values of this parameter B (k is the index of the processed kinetic de-

pendence, j is the interval index).
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The unknown parameters t u SO were determined by applying formula (3) for
each selected interval and the corresponding, already found, values Bi; (Fig.3).

Substituting the values {Bx;}, {SO; } 1 {t«;} into expressions (4) made it possible
to obtain optimal values of the KWW - function parameters corresponding to condi-
tion (5) for each experimental kinetic dependence. In Figure 1 shows one of these
approximations for comparison. As a result, tables of optimal values of the KWW pa-
rameters of the approximating functions {Bi=Pi;m}, { SOk =SOk; } and {tx =t } were ob-
tained. At the next stage, in accordance with the operations outlined in the third
paragraph of the algorithm under consideration, the selection of analytical functions
B1(xy,a0,al,a2), is made, which most accurately reflect the studied trends in

changes in these parameters from the influence of a given factor (temperature).

The results of processing and analysis of data from experimental studies of the
kinetics of the gas sensor recovery response and its dependence on temperature are
shown in Fig. 4.
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Figure 4 - The influence of temperature on the stationary (maximum) value of the
response SO (a) and the parameters that determine the relaxation process:
characteristic time t (b) and the elongation index of the duration of this process 8
(c) of a sample of zinc oxide ceramics with the addition of silver oxide (1,5 wt.%)
after exposure to methane (relative concentration in air 0,005%). Circles — values
obtained based on the proposed data processing, triangles — data [12], dotted line

— approximation results
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As can be seen, the given values of {Bi«}, {SO}, {t} and their dependences on
temperature are in satisfactory agreement with data obtained by other
methods [12, 23], as well as existing concepts [1].

Conclusions. An algorithm for processing the experimental kinetic depend-
ence of the response of gas sensors is propose based on a model of a stretched expo-
nential function with intelligent components that allow you to implement the
choice:

- the most informative time interval of the processed kinetic dependencies for a
more accurate assessment of all model parameters;

- optimal analytical expressions for representing trends in the influence on the
parameters of the specified dependence of one or another external factor character-
izing the measurement conditions.

The proposed algorithm seems promising for the implementation of automa-
tion of data processing when constructing and using information-measuring systems
for studying gas-sensitive sensor materials and monitoring the parameters of gase-
ous media based on them.
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AJlzopumm Komn'tomepHoi 00po0OKuU KiHemu4HUX 3ajexcHocmeli 8i0zyKy
2306020 CeHCOpa 3 iHMeaeKMyawibHUMU KOMNOHEeHmamu
Memotw pobomu € po3pobKa anzopummy 3 8UKOPUCMAHHIAM iHMeleKmyanibHUMu
KOMNoHeHmamu, ujo 0o3801ums 3abe3neuysamu 00poOKY eKcnepumMeHmaibHux 0aHux
KiHemuKu 8i02yKy pe3ucmueHuUx 2a308UX CEHCOPI8 HA OCHOB8I a/120pummy Mooesi po3mse-
Hymoi exchoHeHyitinoi ¢yHkuii Konvpaywa-Binesmca-Yommca, 6e3 empyuaHHs onepa-
mopa.
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Y OaHiti cmammi po3ensdaromscs 0C06U80CMI anzopummy 01 po3paxyHky napa-
Mempim HeoOXiOHUx 0t 00poOKU eKcnepuMeHmaivHux daHux 01 eupiwieHHs 3adau
asmomamu3ayii docniorceHb mamepianie 011 2a304YMAUBUX CEHCOPIB.

YV cmammi onucano npobaemu peanizayii nogHoi asmomamu3sauii iHpopmauitiHo-
BUMIPHBANTLHOI cucmemu 01 00CNLIOHEHHSI OCHOBHUX XAPAKMEPUCMUK 2a304ymausux
ceHcopis, a came 8ubOOpy Halibinvw iHpopmamueHoz0 iHmepsaaty uacy ma onmuMaibHux
aHalimuuyHux 8upasie ys6JeHHsl MmeHOeHUili enaugy napamempié 3a3HaueHol
3a7eHHOCMI Mo020 YU [HWO020 308HIWHBL020 UUHHUKA, WO XApakmepusywoms ymMosu
gumipiosaHHsi. HasedeHo anzopumm 00poOKU e€KCNEPUMEHMANbHOI — KIHEMUuHoi
3anexcHocmi 8i02yKy 2a308uUx CEHCOPi8 HA 0CHOBI Modesli pO3MmsA2HYMOi eKCNOHEHYiaNbHOT
(QyHKUil 3 iHmMenekmyanvHuMu cKkaadosumu, SIKi 00380J10Mb BuUOpamu Hatibinvui
iH(popmamueHuii iHmepean uacy 3 00po0bJieHuUX KiHemu4uHUX 3aiexHocmelti.

BuxopucmaxHs 3anponoHo8aH020 ai20pummy y3200HyEMuvCcsl 3 OaHUMU, OMpUMa-
HUMU THWUMU Memodamu, a maxkox iCHyluUMU KOHYenyisimu.

Anzopumm sudaemovcsi nepchekmueHum 011 peanizauii asmomamu3sayii 06poOKu
JdaHux npu no6ydosi ma 3acmocy8aHHi iHQOPMauUiliHO-8UMIPIOBANbHUX CUCeM OJisl
00CNI0HCEHHS 2a304YMIIUBUX CEHCOPHUX Mamepiaris.
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Toukomkyp OsekcaHzap CepriiioBuu - npodecop kabeapu EOM, [IHiNpoBCbKUIi
HallioHa/JbHUI YHiBepcuTeT iMeHi Onecst 'oHuapa.
Jlo3oBcbkuii AHppiit CepritioBuu - acmipaHT kadenpu EOM, [IHIiNpoBCbKMit

HallioHa/JbHUI YHiBepcuTeT iMeHi Onecst 'oHuapa.
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