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WEB APPLICATION FOR MEASURING OF THE COMPONENTS CONTENT
WITH PHASE TRANSITION IN HETEROGENEOUS MATERIALS

Abstract. The possibility of using raster images to improve the accuracy of processing differential
thermal analysis (DTA) data is considered. Estimation of error in measuring of components con-
tent with a phase transition in heterogeneous materials by the DTA data presented in the form of
raster images was made. Using languages HTML, CSS, JavaScript as well as Canvas technology, a
web-application for processing DTA data presented as raster images was created. The application
allows measuring the relative content of components with a phase transition in heterogeneous
materials with an error of 3% by scan data of peaks in DTA curves. The application created in
this work can use any Internet browser as a software environment.

Keywords: web application, raster image, determination of parameters by scan data, differential
thermal analysis.

Problem statement and purpose of research. Research data is often
obtained in visual form. Such data can be oscillograms of signals, the results
of differential thermal analysis (DTA), of microscopy, and others. To increase
the accuracy of measurements based on such data, they must be digitized.
Digitization for visual information takes the form of the raster (digital) im-
ages [1]. If the instruments recording the visual information do not initially
present it as a raster image, digitization can be performed by photographing
the output data of these instruments with a digital camera.

The necessary information can be extracted from a raster image by the
scanning and subsequent calculations based on the scan data. This requires
the creation of programs for processing raster images. Significant opportuni-
ties for such processing are provided by means used in the Internet: HTML,
CSS and object-oriented programming language JavaScript.

HTML and CSS languages allow creating a convenient user interface in
the form a web page. JavaScript language provides all necessary means for
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processing of raster images. Any Internet browser can be the software envi-
ronment for web applications created by these languages.

In a study of the processes in materials associated with phase transi-
tions (PT), the differential thermal analysis method [2] is widely used. The re-
sults of this method are usually obtained in visual form. The presence of en-
dothermic and exothermic peaks in the DTA data not only identifies the phase
transition in the material, but also makes it possible to obtain from these
peaks information on temperature and heat of phase transition. DTA data of
heterogeneous materials containing a component with a phase transition
make it possible to measure the content of this component. Such measure-
ment can be performed by comparing the peak areas for DTA curves of the
calibration sample containing 100% of the material with phase transition and
heterogeneous material [3]. The area of objects in raster image can be deter-
mined with high accuracy on the base of scan data [4]. This makes it possible
to use DTA data, presented in the form of raster images, for measuring with
high accuracy the content of components with phase transition in heteroge-
neous materials.

In view of the foregoing, the purpose of this work is to create by web
software a program that allows using differential thermal analysis data pre-
sented in the form of raster images to measure the relative content of compo-
nents with phase transition in heterogeneous materials.

Main part. As known [3], the relative content of C component with PT
in heterogeneous material can be determined from DTA data as
SyMme 5
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where m., my are masses of calibration sample and tested material; Se, Sy are
the peak areas associated with PT in the DTA curves of calibration sample and
tested material; k. = m¢/S. is the calibration coefficient.

If DTA data is presented as a raster image, then after scanning along
the contour of DTA peak associated with phase transition, the array of points
coordinates in pixels x;, yi (1 <i < N) can be obtained. On the basis of this ar-
ray, one can calculate the peak area by using the Gauss formula [5] as
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In the case where the DTA data for calibration sample and tested ma-
terial are recorded under the same conditions (the same heating rate and sen-
sitivity of DTA), it is possible to determine in accordance with (1) the relative
content of component with phase transition in heterogeneous material by
performing the scanning of DTA peak for the tested sample and calculation
the value of Sy in accordance with the formula (2). Taking into account (1) and
neglecting the small error in determining the mass during analytical weigh-

ing, we can obtain the assessed value of the absolute error at determining C:

A% 100%. (3)

X

AC = +k,
m

If we do not take into account the blurriness of DTA lines, then the ab-
solute error at scanning of the points coordinates in raster image is equal to
the quantization step of 1 pixel. Therefore, when the length of contour along
which the DTA peak of tested material was scanned is equal to P, we can esti-

mate the absolute error in determining of the area ASy on the basis of scan

data x;, yi (1 <i < N) in the following way:

N-1
AS, = P-lnuk.= \/(xl —xN)2 +(n —yN)2 + Z \/(xi _xi+1)2 +(; —Yi+1)2 4)
i=1

Formulas (1) — (4) were used in the scripts of program to perform the
necessary calculations.

The algorithm used in the program for processing raster images of
DTA data includes the following steps: 1). Download of raster image to a
browser window; 2). Scanning of the DTA peak for calibration sample; 3). Cal-
culation of the calibration coefficient ke; 4). Scanning of the DTA peak for
tested sample; 5). Calculation on the basis of scan data the relative content of
the component with a phase transition in heterogeneous material C and the
absolute measurement error AC; 6). Output results of measurement.

Fig. 1 shows a program window at the initial stage of processing. The
program is open in Opera browser. To enable the use of Canvas tools on web
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page a canvas with sizes of 2300x2600 pixels is created. In the upper left cor-
ner of program window the block displaying the current coordinates of the
mouse cursor is situated. This block contains two hidden form fields that dis-
play the current coordinates of the mouse cursor x and y. The block serves a
script that is started by mousemove event. The pageX and pageY properties of
the event object in JavaScript are used to read the cursor coordinates. In the
upper right corner of the browser window a toolkit block is situated. This
block contains a set of buttons designed to run scripts serving various stages

of processing of the raster images.

Oidem W

x=354 Image upload
y=416 Choose File

Blocks of processing
Calibration
Content

Comrection
Clear

Figure 1 - Program window at the initial stage of processing

For loading of raster images, the file type field is used. When pressing
“Choose File”, a window opens that allows selecting the file of the desired
raster image and a script starts for loading image into the browser window.
This script uses a FileReader object with the appropriate methods and proper-
ties. The button “Download” is used for transfer a raster image to the canvas
and its concealment outside the canvas. This button starts a script that,
through the drawImage() method of the canvas object, transfers the image to
the canvas and provides its concealment outside the canvas using the hidden
property of the style object.

Fig. 2 shows the program window after loading a raster image of DTA
data for powders of crystalline vanadium dioxide VO3 and for ceramics based
on VO2 (Wt.%) 30VO3-15VPG-5Cu-50Sn0; (VPG —vanadium-phosphate glass).
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In different stages of processing for scanning of the points coordinates
on raster image the program starts a script that uses properties pageX and
pageY of event object. The program saves coordinates of the points into the ar-
rays x;, i (1 <i < N). To visualize the scan points, the program uses methods
and properties of Canvas technology for drawing circles and lines. The
scanned dots are displayed as a white circle with a radius of 4 pixels. The cen-
ter of the circle is located at the scan point with coordinates (xi, yi;). Scan
points connect straight lines with a width of 3 pixels. Visualization allows
evaluating the correctness of the scan. The “Correction” button is used for
correction of the scan results (Fig. 2). When pressing of this button, a script is
initiated that removes the coordinates of the last scanned point from x;, y; ar-
rays. This script erases the image of this point and the line connecting it to
the previous point. Multiple pressing of “Correction” provides a cleaning of all

scan data and deletes the visualization of this data in the program window.
e T Ty
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Figure 2 - Program window after loading of the raster image: 1 - DTA curve of
crystalline VO3 (the calibration sample); 2 - DTA curve of ceramics (wt. %)
30V02-15VPG-5Cu- 50Sn0». DTA recording mode: heating rate 1.25 K/min;
sensitivity 1/3. The mass of VO; and ceramics samples is 508 mg

The steps of processing, relating to the determination of the calibra-

tion coefficient k. (steps 2, 3) begin at pressing of the “Calibration” button.
Fig. 3 shows the program window after performance of these steps.
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Figure 3 - Program window after completing the determination
of calibration coefficient

As it can be seen in Fig. 3, at performing the steps of k. determination,
the user must introduce the mass of calibration sample m. in the form field
and perform a scanning along the DTA contour of the peak for this sample.
The calculation of k. occurs after pressing the “Find coefficient” button. The
script serving these processing steps contains means for checking the filling of
the “m. =” form and performing a scan. If the form is empty or the scan is un-
performed, the alert() method opens a dialog window with the corresponding
message. The value of the calibration coefficient k. in units of mg/pixel* can be
seen in window opened by alert() method after pressing the “Find coefficient”
button (Fig. 3).

When pressing the “Content” button, the transition to processing
steps associated with the measurement of relative content of component with
phase transition in the heterogeneous material takes place. The user must in-
troduce the mass of the testing sample in the “mx =” form field and scan the
DTA peak of this sample. When pressing the “Calculate content” button, the
program performs calculations according to formulas (1) — (4) and displays the
measurement results in the hidden form fields (Fig. 4).
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Figure 4 - The program window at the final stage of execution

The toolkit block of the program has the “Clear” button (Fig. 4). Press-
ing this button clears the arrays x;, y; of scanned coordinates and deletes the
visual scan results. In this case the program stores the value of the calibration
coefficient k.. This allows re-measuring the content of the component with
the phase transition in the same sample or for other samples whose DTA data
are presented in the image without reloading raster image and without deter-
mining the value of ke.

The raster images of DTA data allows measuring the relative content
of component with phase transition in heterogeneous material with a relative
error of about + 3%, when processing is executed using the program described
above.

Conclusions. The program for processing raster images with differen-
tial thermal analysis data was created by languages that are used for the in-
formation presenting on the Internet (HTML, CSS, JavaScript). The program is
implemented as a web application that allows using the scan data of DTA
peaks to measure the relative content of components with a phase transition
in heterogeneous materials. The measurement accuracy is ~ £3%. The applica-
tion can use any Internet browser as a software environment.
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Beb6 dodamok s BUMipIOBAHHA BMiCMY KOMNOHeHMig
3 ¢hazosum nepexodomMy 2emepo2eHHUX mamepianax

B pobomi po3ensiHymo MOXausicms BUKOPUCMAHHA pacmposux (yugposux) 306paxeHs
01A nidsuweHHs moyHocmi ob6pobku O0aHux OughepeHyianbHo20 mepmidHo2o aHanisy (ATA).
Hani ATA, wo 38uyaiiHo ompumyroms y He yugposaHil ¢opmi, Moxyms bymu yupposaHi wis-
xoM omozpagysanHa yugposo domorkamepor. BUKOHAHO OUTHKY NOXUGKU BUMIDIOBAHHA
8MICMY KOMNOHeHmMYy 3 (ha308uUM nepexodom y cemepozeHHomy mamepiani 3a daHumu [JTA noda-
HuMu y Bu2as0i pacmposo2o 306paxeHHs. 3acobamu mos HTML, (SS, JavaScript i mexHonoeii
Canvas cmsopeHo npukaadHuli ses-0o0amok 01 0bpobku daHux [TA, nodaHux sk pacmposi
306paxeHHs. [Jodamok Ha niocmasi 0aHux cKkaHysaHHA nikis [TA kanibpysanbHo20 1 BUMIPIOBA-
HO20 3pa3Ka 00380JIA€ BU3HAYUMU BMICM KOMNOHEHMY 3 (ha308UM nepexodom y 2emepoceHHoMy
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mamepiani 3 8iIOHOCHOK noxubkow ~ 73%. JJodamok, cmgopeHuli 8 pobomi, MOXe BUKOPUCMO-
gyBamu, K npozpamHe cepedosuuje 6yob akul 6pay3ep mepexi InmepHem.
Beb npunosxeHue dna usmepeHus cooepixaHus KOMNOHeHmMos
¢ hazosbIM nepexo0oMm 8 2emepo2eHHbIXx Mamepuanax

B pabome paccmompeHa B03MOXHOCMb UCNO/L30BAHUA pacmposbix (4ugpossix) uzobpa-
XeHull 014 nosbleHUs MoYHoCmuU 0bpabomku OaHHbIX OuppepeHyuanbHo20 MepMuYecKo20
aHanusa. [auHeie [JTA, komopbie 06bI4HO nosyyarm 8 Heyugposol gopme, mozym 6bimb
oyugposaHsl nymem omozpaguposaHus yugposol omokamepol. BbinonHeHa ouyeHKa no-
epewHoCmuU u3MepeHus CoO0epXaHus KOMNOHeHmMa ¢ (a3o8bIM nepexodom 8 2emepo2eHHoM Ma-
mepuane no daHHbIM []TA, npedcmasneHHbIM Kak pacmposoe uzobpaxeHue. Cpedcmsamu A3bi-
ko8 HTML, CSS, JavaScript u mexHonozuu Canvas co30aHO NpuKAaoHoe seb-npusoxeHue 0115 00-
pabomku 0aHHbix [JTA, npedcmasneHHbIx KAk pacmpossle u3obpaxeHus. [punoxeHue Ha ocHo-
BAHUU OAHHbIX CKAHUPOBAHUA nuKos JTA Kanubposo4yHo20 u u3mepsemoz0 obpasya no3sossem
onpedesnums codepxaHue KOMNOHeHMa ¢ (pa3osbiM nepexodom 8 2emepoeeHHOM mamepuase ¢
omHocumesibHol nozpewHocmsio ~ +3%. [lpunoxeHue, co30aHHoe 8 pabome, MOxem UCNOJIb30-
8ams 8 Kayecmse npo2pammHoli cpeds! toboli bpayzep cemu NHmepHem

ViBon Anekcanzap MBaHoBuu - npodeccop, a.d.-M.H, rmpodeccop Kadempol
3JIEKTPOHHBIX BBIUMCIUTE/NbHBIX MalIMH JIHEIPOBCKOTO HAIMOHAJIbHOTO
yHuBepcuteTa umenu Osecs ['oHuapa.

Hicrymkun Banepuit ®demopoBuu - [IOLEHT, K.T.H., JTOLEHT Kadeapsl
3JIEKTPOHHBIX BBIUMCIUTE/NbHBIX MaIllMH JIHEIPOBCKOTO HAIMOHAJIbHOTO
yHuBepcuteta umenu Osecs ['oHuapa.

Kpoxun Baagumup BUKTOpOBMY - [0IIEeHT, K.().-M.H., JOILIEHT Kadeapsbl
3JIEKTPOHHBIX BBIUMCIUTENIbHBIX MalllH JJHEMPOBCKOTO HAILIMOHAIbHOTO YHU-
Bepcutety uMeHu Osecs 'oHuapa.

CaBpan Cepreit BuxkropoBmMu - acnuMpaHT Kadeapbl 3JIEKTPOHHBIX
BbIUMC/IMTENbHBIX  MallMH  (QakyabTeTa  (QU3MUKU, IJIEKTPOHUKU U
KOMIIBIOTEPHBIX CUCTeM [IHENIPOBCKOTO HAaIMOHAJbHOTO YHMBEpPCUTETa
umMmenu Onecs 'oHuapa.

IBoH Onekcauap IBanoBuu — npodecop, a.¢.-M.H, npodecop Kadenpu ene-
KTPOHHMX OOYMCITIOBAJbHMUX MallyH [IHIIIPOBCHKOrO HAliOHAJIBHOI'O YHiBep-
cutety iMeHi Onecst ['oHuapa.

Ictymkin Banepiii ®exopoBuy — I01eHT, K.T.H., JOLIeHT Kadeapu eleKTpo-
HHUX 00UMCTIOBAJIbHMX MAaIlMH JIHIITIPOBCHKOIO HAIliOHAJILHOTO YHiBEPCUTETY
imeHi Onecst 'oHuapa.

Kpoxin Bosoagumup BikTOopoBMY - molieHT, K.p.-M.H., OOLleHT Kadenpwu
eeKTPOHHUX OOUMC/IIOBAIbHMX MaliMH [IHIMPOBCHKOTO HAlliOHAJIBHOTO YHi-
Bepcurtety imeHi Onecs 'oHuapa.
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CaspaH Cepriit BikTopoBuu - acripaHT Kadeapu eeKTPOHHUX 00UMC/TIOBA-
JbHUX MalIMH (akyabTeTy (i3uKu, eJeKTPOHiKM Ta KOMIT'IOTEPHUX CUCTEM
IIHITIPOBCHKOTO HAIiOHAJILHOTO YHiBepcuTeTy iMeHi Osecs 'oHuapa.
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