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APPLICATION FOR CALCULATING THE PARAMETERS
OF A GAS SENSOR FROM THE EXPERIMENTAL
KINETIC DEPENDENCE OF RESPONSE

Abstract. The elements of the structure and user interface of a specialized application for proc-
essing experimental data and calculating the parameters of gas sensors, based on the concept of
using various software, packages and media are presented that are most effective at each stage.
The application provides such service functions as data entry using Excel spreadsheet program;
calculations in the mathematical package "Mathcad"; test item examples of using computa-
tional algorithms and providing the necessary textual information from internal sources and the
Internet.
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Introduction. The processing of experimental data in order to obtain informa-
tion on the physical and technical properties of gas detectors, in particular, semi-
conductor sensors, is one of the most important tasks in their research and applica-
tion. Recently, it show that kinetic characteristics seem to be an effective tool for ob-
taining information on the parameters of transient processes that determine the fea-
tures of the electrical conductivity of such sensor materials [1, 2].

One of the promising areas for achieving these goals is the analysis of response
kinetics using general phenomenological models based on the stretched exponential
Kohlrausch-Williams-Watts function [3-5].

Its feature is its suitability for describing relaxation phenomena in disordered
systems, in which dynamic processes occur simultaneously in several time
intervals [6].

It will be observed that the solution to this problem is associated with a number
of difficulties associated with processing large amounts of data, the need to use
complex algorithms to ensure acceptable accuracy of calculations, etc. In this regard,
it seems appropriate to computerize such work from the point of view of developing
a specialized application solve the given framework of the problem of data process-
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ing concepts using various software packages and environments, the most effective
at each stage [1,7].

Problem statement. The article presents the elements of the structure and
user interface of a specialized application intended for processing experimental ki-
netic dependences of the response of gas-sensitive sensors and calculating their pa-
rameters.

Structure diagram of the application. The application is designed for man-
age a library of application software modules, which are documents of the well-
known mathematical package Mathcad and an Excel spreadsheet. The general struc-
ture and list of modules are represented in Fig. 1.
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Figure 1 - Block diagram of an application for calculating the parameters of a gas
sensor from the experimental kinetic dependence of its response

As you can see, the library consists of the Menu and Help sections and two in-
termediate windows Data Input and Algorithm 1, containing subsections that corre-
spond to the solutions to the problems of entering experimental data and finding the
parameters of the gas sensor under study.
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The components of the library subsections (Mathcad documents) are repre-
sented in two versions: test and open for modification by the user, and contain a de-
scription file for the corresponding method.

As additional services, the scheme provides for the possibility of directly calling
the mathematical package Mathcad and exiting the program, as well as being ac-
quainted with the user manual and going online to obtain additional literature data.

The main menu of the package links all sections; Mathcad-documents are lo-
cated in the corresponding sections.

Design of the user interface window. The environment for the operation of
the described software product is the Windows operating system. Navigation be-
tween sections is carried out using buttons and menus of various levels (main, in-
termediate and work menus) [8].

The application uses the Monitor, which is written using the C # language and
the Windows Forms Application project type of the Visual Studio.Net platform. The
applied program modules of the library of computational algorithms, as already
mentioned, are documents of the well-known mathematical package Mathcad (ver-
sion 13). In addition, the application uses universal tools for working with files with
extensions such as .xls, docx and .pdf.

The main elements of the main window are buttons with inscriptions that indi-
cate the action to be performed when they are pressed (Fig. 1). Pressing the "Input
date" button calls an intermediate menu, indicates the layout of the information en-
tered and makes it possible to go to the "Excel" window, which contains the data for
testing ("Test") or into which the experimental data intended for processing should
be entered ("Data").

The button "Algorithm 1" is designed to go to the intermediate window of the
same name. The window contains a brief description of the algorithm and a menu of
the following three items, which initialize actions in accordance with the block dia-
gram in Fig. 1:

"Test" call the Mathcad package window with a test case (does not allow any
changes);

"Calculation" call the Mathcad package window with a similar file used to proc-
ess the experimental data loaded for processing;

"Description” of opening a .pdf file with a detailed description of the selected
method.

The main window also contains a toolbar with two buttons "Menu" and "Help".

The Menu button contains two items. When you select the first of them, "Open
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Mathcad", Mathcad will be launched or the screen will ask you to select the Mathcad
launch file yourself. When you select the second item "Exit", the application will be

closed. The Help button also contains a two-item menu. The item "User's Manual"
opens a document with user instructions. The item "Workshop" launches a browser
to access the Internet.

It will be observed that before using the described software product on a spe-
cific computer, it is necessary to install it together with the standard mathematical
package Mathcad, Excel, a browser and tools for reading files with the .pdf exten-
sion. Setting up the product presented here comes down to writing in the Visual Stu-
dio environment the corresponding file addresses in its monitor, which contain spe-
cific software implementations of computational algorithms from its library.

Algorithms of calculation. The application uses an algorithm for calculating
physicochemical parameters from the kinetic dependence of the reaction of its resis-
tance to the presence of an active gas in an air atmosphere, designed in the form of a
Mathcad package program, in accordance with the methods described in [1, 2].

The experimental data processing algorithm based on the Kohlrausch-
Williams-Watts stretched exponential function model includes the following
operations:

1. Data entry using the above user interface.

2. Primary data processing:

- Presentation of data in the form of a graph and visual assessment of its cor-
rectness;

- Transfer of the time count at the moment when the relaxation (restoration of
resistance) of the sensor begins after the removal of the active gas from the air at-
mosphere;

- Data presentation in double logarithmic coordinates

- Building on their basis empirical (tabular) regression dependence.

3. Finding the value of the unknown coefficient g

- Representation of an empirical (tabular) regression dependence in the form of
an interpolation polynomial using cubic splines;

- Derivative calculations d log S(t) / dt based on the previously obtained tabular
dependence, which was previously represented in the form of an interpolation poly-
nomial;

- Representation of the empirical regression dependence in coordinates
tx[d log S(t) / dt] and log S(t);
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- Visual selection of the area above the specified dependence where the model
is applicable (i.e., the dependence becomes straight, and the coefficient g is the tan-
gent of its angle) and the calculation of the value g.

4. Determination of unknown parameters zKWW and S(0)

- Representation of the empirical regression dependence in coordinates
[-AInS)/AtP)]-1/4 and log S(v);

- Approximation of this dependence by a straight line and calculation of
parameters zZKWW and S(0).

Conclusions. A variant of a specialized application for calculating the parame-
ters of a gas sensor from the experimental kinetic dependence of its response, based
on the complex use of dissimilar software products, is presented. The application
provides the following service functions:

- data entry using Excel spreadsheet program;

- calculations in the mathematical package "Mathcad" of the specified
parameters;

- providing the necessary text information about the used calculation algo-
rithms and test examples of their use;

- Internet access if necessary for additional information.
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Jodamok 0ns po3paxyHKy napamempis 2a308020 ceHcopa
3 eKcnepumMeHmMaabHOT KiHemuYyHoT 3a1exHocmi (020 8id2yKy
[TpedcmasnieHbl 31emeHmbl CMPYKMypbl U NOSIb308AMeEIbCKO20 UHMepgelica cneyuanu3su-
POBAHHO20 NPUNOXKeHUS 01 06pabomKu 3KCnepuMeHmasbHbiX OGHHbIX U pacdema napamempos
20308bIX CEHCOPOB, OCHOBAHHO20 HA KOHUENUYUU UCNO/b30BAHUA PA3NUYHO20 NPO2PAMMHO20
obecneyeHus, nakemos u Hocumenedl, Haubosnee 3gpexmusHbix Ha Kaxoom smane. [lpunoxe-
Hue npedocmas/isem makue cepsuCHble (YHKUUU, KAK BBOO OQHHbIX C NOMOUWbIO NPO2PAMMbI
nekmpoHHbix mabauy Excel; pacyvems! 8binosiHeHbl 8 Mamemamuyeckom nakeme «Mathcady;
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npumepsl mecmosbix 3a0aHUl C UCNOIb30BAHUEM BbIYUC/IUME/IbHbIX A120pUMMOB U npedocmas-
JleHueM Heobxo0umol meKcmoBsol UHGopMayuu U3 BHympeHHUX UCMOYHUKOB U VIHmepHema.
Jlodamok ona po3paxyHKy napamempis 2a308020 ceHcopa
3 eKcnepuMeHmMAanbHoOi KiHemuyHoi 3an1exHocmi (020 Bi02yKy

00HUM 3 nepcneKmMuBHUX HANPAMKIB OMPUMAHHSA THHOPMAyii npo PI3UKO-mexHI4YHI xapa-
KmepucmuKu Cy4acHUxX HanignposioOHUKOBUX Mamepianis 0/ 2a308UX CEHCOPiB € AHANI3 KiHe-
MuKu Bi02yKy ix esleKmponposiOHOCMI 3 BUKOPUCMAHHAM 302G/IbHUX (DeHOMEeHO/10214HUX MoOe-
Jiell, 3aCHOBAHUX HA po3msa2HYmIll eKcnoHeHUyianbHil ¢yHkYii Konspaywa-Binsamca-Bomca. 00-
HaK (i020 BUKOPUCMAHHA CMPUMYEMbLCA HU3KOK MPYOHOWIB, NOB'A3AHUX 3 06POOKOK BENUKUX
Macusis OaHUX, HeOOXTOHICMIO BUKOPUCMAHHA CKIAOHUX an20pummis 014 3a6e3nedeHHs npuliH-
AMHoi moyHocmi 06YyucieHb T mak 0ani. Y 38'A3Ky 3 YuM BBAXAEMbCA 3a 00YisIbHe KoMNn'lomepu-
3yBamu npouyec 06pobKU eKcnepumMeHmanbHUX OAHUX WISXOM CMBOPEHHA BiON0BIOHOT iHMese-
KmyanbHoi BUMIPIOBALHOT THGhOpMayiliHOi cucmemu.

Y Oanili pobomi npedcmasneHi enemeHmu cmpykmypu i iHmepgelicy cneyianizosaHozo
000amKy Ha OCHOBI aneopummy Mooesi po3msa2Hymoi eKCnoHeHyianbHoi yHKYTT 015 06pobKU
O0aHUX KIHeMUKU B102yKy pe3ucmusHuUx 2a308ux ceHcopis. [Ipu cmBopeHHT npoepamu 3acmoco-
BAHA KOHUENUIS BUKOPUCMAHHSA PI3HUX NPO2PAMHUX nakemis 1 cepedosuly, Halbinbw epekmus-
HUX Ha KO)XXHOMY emani o6pobku i aHanisy daHux. [Jodamok Haoae maki cepsicHi (YHKUTT, aK
88e0eHHs 0aHUX 3a 00NOMO20K0 efleKmpOHHUX mabauyp Excel; pospaxyHku 8 mMamemamuyHomy
nakemi «Mathcad»; mecmosi npuknadu BUKOPUCMAHHA 00YUCAOBANbHUX A120pUMMIB | HAOAH-
Hs HeobXI0OHOT meKcmoBsoi TH(hopMayii 3 BHympIWHIX dxepesn ma IHmepHemy.
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