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ALGORITHM FOR PROCESSING GAS SENSOR’S RESPONSE

KINETICS DATA USING EXTENDED EXPONENTIAL FUNCTION WITHOUT
NUMERICAL DIFFERENTIATION

Abstract. The features of the use of computer technologies for processing experimental data for
solving the problems of automation of research of materials for gas sensitive sensors are consid-
ered.

An algorithm for processing the kinetic dependence of the response of gas sensors based on the
model of an extended exponential function are proposed, which does not use numerical differen-
tiation operations when finding the parameters of this model. This allows to significantly reduce
the influence of the presence of data spread in the coordinates of the approximating diagrams
that are used in calculating the model parameters, increase the accuracy of their determination
and contribute to the implementation of an automated information measuring system for the
process of computer processing and analysis of experimental data.

Keywords: gas sensor, response, kinetics, stretched exponential function, algorithm, information-
measuring system, software.

Introduction

Computer technologies for processing experimental data have already become
widespread in various fields of science and technology. They are used both in study-
ing the well-known problems of high-energy physics and nuclear physics [1], image
processing [2], search and creation of new materials [3], and for solving specific sci-
entific and technical problems of studying plasma light sources [4], building intelli-
gent information-measuring systems for monitoring heat-insulating materials [5],
etc.

Another specific area where the use of the technologies under consideration
seems appropriate is the search and study of materials for gas-sensitive sensors [6].

Studies of this type are associated with the need to process and analyze signifi-
cant amounts of experimental data. In [7], the prospects for solving such a problem
by creating a specialized information-measuring system are shown.
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As is known, one of the key components of the software of such intelligent in-
formation-measuring systems is the algorithmization of experimental data process-
ing processes based on the corresponding mathematical models [8-11].

For the primary processing of data obtained in the study of resistive gas sensors
in [7,12], a general phenomenological model based on the stretched exponential

B
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frww (@) = exp '(E) ,

Kohlrausch-Williams-Wots function where t — time, fand 7

- parameters [13,14]. It was use to describe the kinetics of the relaxation depend-

ences of the response, in particular, at the recovery stage (Fig. 1).
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Figure 1 - Typical kinetics of response dependences at the stage of reduction of a
sample of a resistive gas sensor (ZnO with the addition of Ag [15])

A distinctive feature of such a model is its suitability for describing relaxation
phenomena in disordered systems, in which dynamic processes occur simultaneously
in many time ranges [15].

As shown in [6], the use of this approach makes it possible to obtain much more
information about the physicochemical phenomena that determine the phenomenon
of gas sensitivity of resistive sensor materials. Used in the window application given
in [7], it testifies to the reality and efficiency of computer processing of a significant
amount of data in the process of carrying out the physical and chemical measure-
ments under consideration. However, the used measurement data processing algo-
rithm does not allow implementing a fully automated specialized IMS in a measuring
complex for studying the main characteristics of gas-sensitive sensors. The main
reason for this is the need to numerically calculate the derivatives and select the in-
terval in the time dependence of the main parameter, the sensitivity to the active
gas, which makes it possible to correctly estimate the parameter g of the KWW func-
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tion that approximates the sensor recovery kinetics. These functions require partici-
pation in the data processing process of the operator [7].

In this paper, we propose and justify an algorithm based on a stretched expo-
nential function, which makes it possible to exclude the participation of the operator
in the process of processing and primary analysis of measurement data on the re-
sponse kinetics of resistive gas sensors.

Description of the algorithm and its features

It should be noted that the data processing algorithm used in [6, 7] does not re-
quire any additional assumptions or data. Only the results of measurements of the
kinetic dependence S(T) are used in the form of a table (located in a c file of type .txt
or .xIs). Nevertheless, its disadvantage is the presence of the operation of numerical
differentiation when finding one of the resulting data parameters  used in the ap-
proximating KWW-function. As a rule, this creates a significant scatter of points in
the coordinates of the diagrams of the used approximating dependencies to calculate
the specified parameter. As a result, this leads to the fact that it is difficult to im-
plement the automation of the data processing process for the kinetic dependences
considered here.

Below it is proposed to use an approach to determining the parameter 3, which
is based on the assumption of the possibility of correctly fixing the value of the static
value of gas sensitivity Sy by estimating its approximate value in the initial section of
its kinetic dependence.

Approximating dependence used as a model for the primary phenomenological
analysis of the experimental kinetic dependences of the response of the gas sensitive
sensor in the area after the removal of the active gas

£\ P (D
St)=S5,-exp [—(—) ]

T
can be converted to
o SON L, N . . ()
log{~In|~5~|§ =F 1og(®) - - loge

S(t)
y =log {—in [ }

As follows from (2) in the coordinates * =log(®) and So V| the

Y — Qg + a X

considered dependence is a straight line , and thus, based on its ex-

perimental points in such coordinates, the parameter f of the KWW-model (5 =a,)
can be relatively simply determined without involving the operation of numerical
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differentiation. The coefficients @+ and @a for the considered linear model can be
determined by the formulas [16]

a1=%-(2y£—a02x5) ©

=
NI XY B X 'E??}’E' 4)
nE X2 - (T, x;)

where i and n are the index for the numbering of readings and their number of ex-

Qg

perimental kinetic dependence.

However, in the considered approach there is a requirement that the static
value of the response S, for the studied reduction kinetics be known. In experimental
practice, the exact measurement of this parameter is not always possible. On the one
hand, this is due to the technically used equipment, that is, the fixation of the con-
sidered kinetic dependence begins with a certain time delay, or when the specified
static value is not reached within a really reasonable time for a specific experimental
study. In connection with this, it is important to study the influence of these factors
on the measurement of the value of Sy, in particular, the instrumental error and the
time delay of the process of fixing the kinetic dependence considered here.

Influence of inaccuracy of the set parameter Sy

S(t)
log {—in [E S5 }= B-logt)— B - log

As follows from (5), S can be represented by the coefficient in front of the

)

log(®)  argument of the linear dependence of its function

log {-n [Iss(g?d) ]

On Fig. 2 shows the theoretical dependences of the KWW relaxation model in

the proposed coordinates for different . and the results of the analysis of the influ-

ence of the approximate value S(ta) of the specified parameter S, on them.

As can be seen, an underestimated value of S, leads to a deviation of the de-
pendence in Fig. 2 from linear only in the range of short times (in this case, less than
a few seconds). The results of calculating the value of §in accordance with expres-
sion (3) with a different choice of the time range of the data used in Fig. 2 and using
the built-in functions of the Mathcad package (slope) are presented in Table. 1.
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log{-In[S(t)/Sc]}

logt, s
Figure 2 - Theoretical dependences of the KWW relaxation model of the gas sensor
recovery response kinetics in the coordinates ) (dependencies 1, 2 and 3) and in the

S(t)
logi—In|——=|¢,log®
coordinates ( S(ta) ), where ta is the delay time for fixing the
beginning of kinetics (1’, 2’ and 3'), for parameter values : 1 and 1’- 0.5; 2 and 2"
-1;3and 37- 2. So=100; =10s; t; =1s

As follows from Table. 1, second column, there is a tendency to some overesti-
mation of the value of the parameter £ determined in accordance with the method
under consideration at its small values. If the initial part of the kinetic dependence is
not used, i.e. to use data for processing starting from a certain time point t; > t; (for
example, t;= 10 s or 1 minute), then the accuracy of determining /5 can be increased.

Nevertheless, in the range of A from 0.5 to 2, the considered algorithm for proc-
essing the kinetic dependence of the response of gas sensors based on the stretched
exponential function model allows obtaining adequate results.
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Table 1
Influence on the accuracy of the estimation of the f parameter of the KWW-

function selection of the time range for processing the kinetics S )

Approximate value of f. determined in accordance with (3) by
Exact value B discarding the first points of the initial kinetic dependence S ®)
over the time interval
ti=ty, S 10s 60s
0.25 0.374 0.352 0.332
0.5 0.566 0.547 0.533
0.75 0.785 0.771 0.762
1 1.021 1.009 1.004
1.25 1.263 1.254 1.251
1.5 1.508 1.502 1.5
1.75 1.756 1.751 1.75
2 2.004 2 2

Application of the algorithm to the processing of experimental data

On Fig. 3 shows the experimental kinetic dependence of the response at the
stage of reduction of a sample of a resistive gas sensor, shown in fig. 1 in coordinates
x=log(t) and .

T3 1 13 2 25

Figure 3 - Dependence of the experimental kinetics of the gas sensor recovery re-

sl
log{—In
S(ta) fig. 1 (points - crosses) and its linear

sponse in the coordinates
approximation used in the considered algorithm for its processing (dotted line)
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As can be seen, it satisfies the ideas developed in the previous section. The cal-
culated values of the parameter f* were 0.643 at t; = 10 s and 0.628 at t; = 60 s. The
estimates coincide with an error of no more than 3%.

Further operations of the algorithm are similar to those given in [12,17,18].

Determination of unknown characteristics t and So by applying the coordinates
y=In S(t) and x=t” for experimental data (Fig. 4).

InSx
MK
Wl b

Figure - Dependence of experimental kinetics of gas sensor recovery response in

coordinates (inS () t# ) fig. 1 (points - crosses) and its linear approximation used
in the considered algorithm for its processing (dotted line)

It should be noted that the value of B - is already known. The approximating

dependence is represented by a straight line ISt =+ a, - t# where ao = InS,,

a, =-tF Thus, T = (—a1) g and So = €xP(ay). The coefficients of the above linear
regression dependence @ and @1 are determined using formulas (3) and (4) or built-
in intercept and slope functions of the Mathcad package. From the data in Fig. 4 you
can get =88 s and S, =1.95. Calculation of the average relaxation time in accordance
with [12,16,17]

(6)

where is the gamma function.

Comparison of the obtained parameters (£=0.63; t. = 120 s; =90 s; Sp=1.95)
with similar ones, which were determined for these data by the method described
in [12], showed their satisfactory agreement.

Conclusions

An algorithm for processing the kinetic dependence of the response of gas sen-

sors based on the model of a stretched exponential function is proposed, which does
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not use numerical differentiation operations when finding one of the parameters of
this model. and thus allows:

- to eliminate the presence of a scatter of points in the coordinates of the dia-
grams of the used approximating dependencies for calculating one of the key pa-
rameters of the model and its influence on the accuracy of processing;

- refuse the participation of the operator when choosing the optimal time in-
terval from the processed kinetic dependencies for a more accurate assessment of all
model parameters;

- allows the implementation of an automated information-measuring system
for the considered data processing process.
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AJtzopumm 06po6KuU OaHUX KUHEMUKU 8i02ZyKYy 24308020 ceHcopa
i3 3acmocyeaHHsAM po3poo6sieHOi ecnOHeHUiliHOT pyHKuiT
6e3 uucnaeHH020 JuepeHUil08aHHA

Memoio pobomu € po3pobka npozpamHozo 3abecneurus 01 06pobKU exchepume-
HManpHUx 0aHUX KiHemuku 8i0zyKy pe3aucmueHux 2a308ux CeHCOpi8 Ha 0CHOBI anzopum-
My modesni po3mszHymoi ekcnoHeHyitinoi ¢pyHkuii Konvpaywa-Binesamca-Yommca.

Y Oaniii cmammi po32n0armscs 0C0OAUBOCMI 8UKOPUCMAHHS KOMN'HOMEPHUX
mMexHo.J102ili 00poOKU eKcnepuMeHmanvHux 0aHux 0Jis 8UpiuleHHs 3adau asmomamusayii
docnidxceHb mamepianie 0 2a304ymauU8uUx CEHCopIs.

YV cmammi 3anponoHo8aHo anzopumm o06poOKU KiHeMU4HOI 3anexcHocmi 8ioku-
KAHHS 2a308UX CEHCOPIB HA OCHO81 MOOei pO3ms2HYmMoi eKCNOHEHYIliHOT (yHKuUii, aKull
He 8UKOpUCMOB8YE onepauii uuceivbHoz0 dugepeHUilo8aHHs npu 3HaAxX00#eHHI 00H020 3
napamempis uiei modeni. i, Makum YuHom 00380J€: YCYHYMU HASI8HICMb PO3KUJY mo-
Yok 8 KoopouHamax diazpam anpoxkCuMyUux 3anexcHocmeii 0ns po3paxyHky 00H0z20 3
KJII0408UX napamempie modeni i 1i020 éniue Ha mMouHicmes 06poOKuU; 8idmosumucs 8iod
yuacmi onepamopa npu 8ubopi onmumaibH020 4aco8ozo iHmepeany 3 KiHemuuHux 3a-
JiexcHocmeli 0ns OinbWwl MOYHOI OYIHKU 8Cix napamempie modeni; donyckae peaniauiro
asmomamu308aHoi iH(hopmauitiHo-8UMIPIOBAbHOI cucmeMu 011 AHANI308AH020 Npoue-
cy 06pobKu daHux.

Kniouosi cnosa: za3osuti ceHcop, 8idzyk, KiHemuka, po3msizHyma eKCnOHeHMHA
(yHKyis, anzopumm, iHpopmayiliHo-8UMIPHOBATbHA cucmema, npozpamHe 3abe3neyeH-

HA.
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Toukomkyp Onekcanap CepriitoBuu - npodecop kadbenpu EOM, [THiNpoBCbKuit
HallioHanbHNI yHiBepcuTeT imeHi Osnecs ['oHuapa.
Jlo3oBcbkuit AHpapiit CepriioBuu - acmipant kadenpu EOM, [IHinpoBCbKuii
HallioHa/JbHMI YHiBepcuTeT iMeHi Onecst 'oHuapa.
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