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PROCESSING OF THE DIGITAL IMAGES OF ANALOGOUS
OSCILLOGRAMS AT PULSED MEASUREMENTS

Abstract. A program for processing the digital images of analog oscillograms at pulsed measure-
ments of the current-voltage characteristics of semiconductor materials and devices in the region
of high electric currents is presented. The processing of digital images in this program bases on
scanning of coordinates and allows measuring the instantaneous voltages and currents with a
relative error of no more than #1%. The program is created using the languages HTML5, (SS3,
JavaScript and Canvas technology. The software environment for program run is the Internet
browser.

Keywords: digital image, determination of parameters by scan data, analog oscillogram, current-
voltage characteristics.

Problem statement and purpose of research. When measuring in
the region of high electric currents the current-voltage characteristics (CVC)
of semiconductor materials and devices are used short voltage pulses to ex-
clude thermal breakdown. In particular, such measurements are needed in
CVC studying of highly nonlinear zinc-oxide ceramics (ZOC) and varistors
based on it [1]. Varistors are widely used for surge protection of electronic and
electrical equipment [2]. The effectiveness of overvoltage protection is deter-
mined by the clamp ratio, which can be represented as Ej/Ec in the specific
electrical parameters of zinc-oxide ceramic. Here E¢ is the electric field
strength at current density of ~ 10 A cm™; Ej is the electric field strength un-
der the action of overvoltage pulse, when current with density J flows through
the ceramics. The Ej/Ec ratio determines the multiplicity of voltage increase
on the protected object under the influence of overvoltage and should be as
close to unity as possible. The magnitude of J for overvoltage caused by vari-
ous factors can range from 100 A cm™ to 5000 A cm™. The value of electric
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field strength Ej, necessary for estimating Ej/Ec, can be found from the CVC of
varistor ceramic sample in the region of high electric currents.

In [3], it was proposed to use single voltage pulses of exponential form
for measuring the current-voltage characteristics. Such pulses allow deploy
voltage in a certain range. It makes possible when simultaneously register the
voltage and current pulses, to obtain information about CVC in some region of
voltage. The simultaneous registration of current and voltage pulses can be
realized using a two-beam storage oscillograph. As shown in [4], in the case of
analog oscillograph, the accuracy of measuring time intervals and voltages by
analog oscillograms one can be led to the accuracy of measuring a digital os-
cillograph if to use the digital (raster) images of analog oscillograms. Such im-
ages can easily be obtained by photographing oscillograms using a digital
camera directly from the screen of analog oscillograph. Since the quantization
step for raster images is 1 pixel [5], using a digital camera with high resolu-
tion, it is possible to ensure high accuracy in determining the parameters of
objects in raster image from the scanning data of their coordinates. When per-
forming measurements using digital images, software is required for their
processing, which makes it possible to extract the necessary information
based on the scan data.

The aim of this work is to create a program for processing digital im-
ages of analog oscillograms for pulsed measurements of current-voltage char-
acteristics of materials and devices in the region of high electric currents.

Main part. The algorithm for processing digital image of analog oscil-
logram of voltage and current when measuring the current-voltage character-
istic should include the following steps: 1). Input of the initial data. In the
case of semiconductor materials: the thickness of a sample L, the area of elec-
trodes S and the value R of resistor used for registration of current; 2). Scaling
with using the digital images of oscillograms of calibration signals recorded at
the same amplification and sweep duration as the oscillogram of the sample
under study; 3). Determination of coordinates of zero line for oscillograms of
voltage and current; 4). Scanning with a given step along the time axis of os-
cillograph the coordinates of lines in oscillograms of voltage and current for
the sample under study; 5). Calculation based on the initial data, scales and
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scan coordinates x;, yi (I <i <N) of the values of electric field strength E; and
the values of current density J;, as well as the error in determining these mag-
nitudes; 6). The processing results output.

In this work, we used HTML 5, CSS 3, JavaScript [6] and elements of
the Canvas technology [7] for the software implementation of the described
algorithm. As an environment for program created by the above means, any
Internet browser can be used.

The program interface in the form of a web page was created using
HTML 5 and CSS 3 languages. Fig. 1 shows the web page open in the Opera
browser at the initial stage of the program. Using <canvas> tag, a canvas with
dimensions of 2600-2300 pixels was created on web page. Such dimensions
are sufficient for the complete placement of digital images of analog oscil-
lograms obtained with the help of many modern digital cameras. If necessary,
the size of canvas can be increased. The presence of canvas on the web page
makes it possible to mark on the digital images of oscillograms the points at
which the scanning was performed and to connect them by straight lines. This
provides the ability to visually verify the correctness of scan.

The program interface contains two blocks for control the processing
of digital images. In upper right corner of the browser window is block for dis-
playing the coordinates of mouse cursor. This block shows the current coordi-
nates of cursor and it is served by a script that is started by mousemove event.
In the upper left corner of browser window there is a set of buttons. When
these buttons click, the scripts are performing for various stages of the proc-
essing of oscillograms digital images.

The “Choose File” and “Download” buttons are used to select and
download the digital images. Fig. 1 shows the program window after clicking
the “Choose File” button. The user, using the standard window, has the ability
to select the desired raster image file. In Fig. 1, in accordance with the user’s
instruction, a digital image of oscillogram is selected with the calibration sig-
nal Uc of 100 V. This image, after clicking “Download” button, is uploaded on
canvas in the program window. The above buttons serve scripts that use prop-
erties and methods of the FileReader object to load images, and the drowl-
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mage() method of canvas for transfer its on canvas. User instructions are dis-
played in the program window at each stage of processing digital images.

Fig. 2 shows the program window for the stage of initial data input
with loaded digital image of the calibration voltage oscillogram. At this stage,
a block is opened containing the form fields for introduction of the sample
thickness L, of the electrodes area S and of the resistance value R connected in
series with the sample for registration of current oscillogram. When pressing
“Download”, the initial data are saved in the program variables, the “Initial
data” block is hidden and the “Scale voltage” block is opened. Transition to the
stage of determining the voltage scale takes place. The display of blocks and
user instructions for various stages of processing is controlled in scripts using

the visibility property of style object of JavaScript language.
L T ——

Image upload Y{:u can use buttons "Correction” and "Clear” at scanning of the peints coordinates X = 367
Choose File in the raster image of cscillograms. At click on the "Correction” button cccur removal y =112
of the coordinates and image in pregram window for the |ast scanned point. After that,
Block n\fpj‘bcasnmg you can re-scan the point by selecting of its position more correct by the mouse
cursar. When the "Clear” button is clicked, all arrays with coordinates of scanped
Srn R points and the form fields to display measurement results are cleared, If previously the
scaling of raster image is performed and the coordinates of the zero lines for
oscillograms of voltage and current are determined, these parameters are stored in
variables of program. This gives possibility to continue measurement on the same
raster image without the steps of scaling and determining the coordinates of zero line
for oscillograms of voltage and currsnt. Current coordinates of the mouse cursor is
displayed in the upper left comer of web page.

To start working with the program, click the "Choose File" button. Using the window
that apens, user find the file with oscillogram of calibration voltage, select its and load
into the browser window by clicking the "Download” butten,

._gi

Figure 1 - The program window at the initial stage of execution

To determine the voltage scale, a previously loaded image of the cali-
bration voltage oscillogram is used (Fig. 2). As a calibration signal, we used
periodic rectangular pulses with amplitude of 100 V and frequency of 1 kHz.
At sweep duration of 10 ps/div, the oscillogram of such pulses is registered as
two parallel lines (Fig. 2), the distance between which corresponds to voltage
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of 100 V. Fig. 3 shows program window at the final stage of determining the
voltage scale. At this stage, user introduces the Uc calibration voltage in “Uc
=" form field, scans the coordinates of two points on oscillogram lines at the

same x coordinate value, and press the “Calculate scale” button. The program

calculates the value M.y of voltage scale, using the obtained data, as
M= Uc/lymur — ymuzl, (D)

where ymui, ymuz are the vertical coordinates of two scanned points on the lines
of calibration voltage oscillogram.

Image upload Introduce the thickness of the sample in the form field 'L =, the area in the =744
ield 'S =', and the resistance of the current resistor in the field 'R =', then press y =372
he ‘Download’ button

5=00235 cm?
R=10 Ohm

Download

Figure 2 - The program window at the stage of initial data input

Scanning is carried out by clicking the left mouse button at the point
selected in the center of the oscillogram line. The mouseup event starts script
that uses the pageX and pageY properties of the event object to read the point
coordinates. These coordinates x;, y; are saved in arrays of program. Script
contains operators which draw red circles with radius of 4 pixels at the scan
points and connect them by straight red lines using the properties and meth-
ods of the canvas object (Fig. 3). The center of each circle has coordinates of
the scanned point. Such visualization makes it possible to evaluate the cor-
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rectness of scanning with respect to the oscillogram line. If necessary, the
user pressed previously the “Correction” button (Fig. 3) can re-scan. In this
case by click event starts a script, which deletes the coordinates of the last
scanned point from the data arrays. The same script removes the image of
point and the line connecting its to the previous point. When multiple press-
ing the “Correction” button one can sequentially delete all scan data and their
visualization in the program window.

For stages of the digital image processing involving scanning, the user
instructions contain “Remove” button. When pressing “Remove” one can de-

lete the instruction if it interferes with scanning (Fig. 3).

I i i ey i e

Introduce the call m field. Scan two points on the
lines of calibration v 3 sordinate and click the "Calculate
scale” button, Click the e m o v e pumen minsrucnen interferes with seanning.

Remove

Scale mﬁage:
Us.= 100 V

Calculate scale

Figure 3 - The program window at final stage of determining the voltage scale

As can be seen in fig. 3, the program window at the final stage of the
voltage scale determination contains a dialog window opened by the alert ()
method of the window object. This window contains the calculated value of
voltage scale in V/pixel. After pressing the “OK” button of this window, the
“Scale voltage” block is hidden and the “Scale current” block is opened to de-

termine the electric current scale.
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This block and its supporting scripts are organized as well as for the volt-
age scale determination. At this stage using the “Choose File” and
“Download” buttons, it is necessary to download a digital image of the cali-
bration current oscillogram. As such oscillogram, we used an oscillogram of
rectangular voltage pulses with calibrated amplitude Uc. Since the value of
current resistor is R = 1 Q (Fig. 2), the Uc value is actually equal to the calibra-
tion current Ic. In this case, the electric current scale M, is also calculated by
the formula (1), where M.y = My and Uc = Ic. In the examples presented below
for illustrating the work of program the value of calibration current Ic = 50 A.
After download of the oscillogram for calibration current, user performs the
same actions as for determination of the voltage scale. The program calculates
the electric current scale in A/pixel.

At stage 3 of the processing algorithm, the program opens the “Deter-
mination of zero voltage” block. The user downloads digital image of the volt-
age and current oscillogram obtained when exponential voltage pulse is ap-
plied to the sample. The image should have lines of zero voltage and current.
These lines are the starting point for measuring of instantaneous voltages and
currents.

Fig. 4 shows the program window for the stage of determination the
coordinate you of the zero voltage line. In this figure the zero voltage line is lo-
cated below, the zero electric current line is at the top.
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Download the raslar-i;naga with'usciﬂngrsms of voltage and current pulses.
Scan two points on the line of zero for oscillogram of voltage and click th
Determine” button. Click the "R & m o v @ button if instruction interfares with

.[J.:i‘fi..l'ml‘ﬂﬂt;;ﬂﬂ ni"'.
zZero voltage

Determine

Figure 4 - The program window at the stage of determination the coordinate

you of oscillogram zero voltage line

The you coordinate of the zero voltage line is defined as the average
magnitude of y;u, y2v coordinates obtained by scanning of two points on this
line. These points correspond to the ends of time interval of oscillogram,
where the measurable values of voltage and current are located. Such points
can be seen in Fig. 4 after scanning. When pressing “Determine”, the value you
= (yiv + Yau)/2 is calculated and stored in the program variable for further use.
Then the script, acting when pressed the “Determine” button, clears the ar-
rays of scan data, removes their visual display, hides the “Determination of
zero voltage” block and visualizes the “Determination of zero current” block.
Determination of the coordinate yor = (yir + y21)/2 of electric current zero line is
performed in the same way as for coordinate you. In this case, after pressing
“Determine” button, the “Result” block opens for the last three stages of the

algorithm for processing of digital image of analog oscillograms (Fig. 5).
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OB, TPy
Figure 5 - The program window for final stage of execution. Oscillodrams:
1 - voltage; 2 — electric current. The current-voltage characteristic was

measured for zinc-oxide ceramics used in varistors CH2-1

Processing for these stages begins with scanning the oscillogram of
voltage. The scanning performs with a constant step in the X-axis direction of
digital image. In the example shown in fig. 5, the scan was performed in the
interval 850 — 2050 pixels with the step of 100 pixels. User has the opportunity
to select any number of N points for scanning and to correct scan data using
the “Correction” button. After completion a scanning of the voltage oscil-
logram, he presses the “Scan U finished” button. The script that is executing
when this button is pressed using the alert () method opens a dialog window
with a message about the number of scanned points and a recommendation to
begin scanning the electric current oscillogram. The user scans the electric
current oscillogram at the same x coordinate values, and in the same sequence
as for the voltage oscillogram. For control the value of the x coordinate at
scanning, the display block of the current cursor coordinates is used. This
block located in the upper right corner of the browser window (Fig. 5). After
scanning the electric current oscillogram, the program opens a window with
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message “Scanning completed. Click the “Calculate” button.” When this button
is pressed, a script is executed, using the arrays of scan coordinates x;, yi (I <i
< N) to calculate the values of instantaneous electric field strength E; and of
electric current density Ji. The values of E; and J; are calculated by the formu-

las:
1
E; =z(McU(y0U —yiv)—M R(yor —yir)), (2)
M
Ji “S.R C;a (Vor = Yir)> (3)

where yiy, yir are the vertical coordinates in i- scanned point with same coordi-
nate Xx; on the lines of voltage and current oscillograms, respectively.

In the formula (2), when calculating the voltage drop across the test
sample, the voltage drop across the resistor R, connected in series with the
sample, was taken into account.

In accordance with (2), (3), the values of E; and J; are determined by the
length of lines you - yiv and yor - yiv which separate the scanned point from the
lines of zero voltage and current. Therefore, the absolute measurement error
of E; and J; is primarily determined by the absolute measurement error of the
length of these lines by the scan data. Assuming that the absolute error of
scanning in the center of oscillogram line is +2 pixels, for the absolute error of
the line length determining, we obtain a value of +4 pixels. Therefore the rela-

tive error ¢ at definition of E; and J; can be calculated as
o= 4 100%, 4)
Yor — Vil

Script executed after pressing the “Calculate” button displays the
processing results in the hidden form fields (Fig. 5). As can be seen, the rela-
tive error in measurement of voltages and currents at using the digital images
of analog oscillograms does not exceed +1%.

After measurement of CVC, the program provides the ability to clean
the arrays of scan data x;, y; and delete the visual results of scan. In this case,
the initial data, M.y, M scales and the coordinates of zero lines of voltage and
current oscillograms you, yor are stored. For this purpose the “Clear” button is

used (Fig. 5). After pressing of this button it is possible to measure the cur-
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rent-voltage characteristic, using the same or another part of oscillograms,
without overload of the digital image, the scaling and determination of zero.

Conclusions. A program has been created for processing the digital
images of analog oscillograms at pulsed measurements of the current-voltage
characteristics of semiconductor materials and devices in the region of high
electric currents. The program is created using HTML5, CSS3, JavaScript lan-
guages and Canvas technology. The Internet browsers are software environ-
ment for program execution. The program allows, using the scan data of digi-
tal images of oscillograms, to measure instantaneous values of voltage and
current with a relative error of no more than +1%.
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06pobka yugposux 306paxeHs AHAN0208UX OCUUIO2PAM NPU TIMNYABCHUX BUMIpAX

CmsopeHa npozpama 015 06pobKU YuDPOBUX 306paxeHb AHA0208UX OCLU02PAM NpU M-
nyJIbCHUX BUMIPAx 8OJIbMAMNEPHUX XapaKkmepucmuK HanisnposioHUKOBUX Mamepianis i npuia-
0is B8 0bnacmi cuibHUX enekmpuyHux cmpymis. [lpoepama peanizosaHa 3acobamu mos HTML5,
(553, JavaScript i mex+vonozii Canvas. [lpoepamHum cepedosuiyem 018 ii BUKOHAHHS € bpay3epu
mepexi IHmepHem.

Ocyunoepamy Hanpyeu i Cmpymy 3pa3ka, w0 mecmyemscs, pe2icmpytoms 080NpoMeHesuM
aHano208um ocyunozpagom. Ii nepemsoperHs v yupposy opmy 30iicHIOEMbCA WAAXOM (omo-
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2pagysaHHs yugposow omokamepoto 3 ekpaHy ocyunozpaga. lpu 06pobui yugpposux 306pa-
XeHb HA/I0208UX OCYUI02PAM 3a 0NOMO200 NPO2PAMU, ONUCAHOT 8 pobomi, MUMMEBT 3HAYEeH-
HA Hanpyau i CmpyMmy MOXHA BU3HAYUMU 3 BIOHOCHOIO NOXUOKOIK He Ginbwe +1%, sukopucmo-
BYI0YU OGHT CKaHYBAHHS.
06pabomka yugpossix u306paxkeHuli AHAN0208bIX OCUUNNO2PAMM
npu UuMnysnbCHbIX U3MEPeHUAX

OnucaHa npoepamma 014 06pabomku Yugpossix U306paXeHUl aHAN0208bIX OCYUIO-
2pamm npu UMnNYabCHbIX U3MepeHUsAX B0JIbMAMNEPHbIX XapakmepucmuK noaynpos8oOHUKOBbIX
mamepuanos u npubopos 8 061aCMU CUNbHbIX 3leKmMpuYecKux mokos. [Ipoepamma peanu3o8aHa
cpedcmsamu A3bikos HTML5, (SS3, JavaScript u mexHonozuu Canvas. [lpoepammHol cpedoli 05
ee BbINOIHEHUA ABNAOMCA 6pay3epsbl cemu UuHmMepHem.

Ocyunnozpammy HanpsxeHUs U MOKA mecmupyemo20 06pazya peaucmpupytom 0sysyde-
BbIM AHAI0208bIM 3anoMuHarwum ocyunnozpagom. Ee oyugpposka ocywecmsnsemca nymem
pomoepaguposarus yugpposol homokamepoli ¢ 3kpaHa ocyunnoepaga. lpu obpabomke yug-
POBbIX U30OPAXEHUL GHAM0208bIX OCYUIIO2PAMM C NOMOLWbIO NPO2PAMMbI, NPeOCMABNeHHOU 8
pabome, M2HOBEHHbIe 3HAYEHUS HANPAXEeHUS U MOKA MOXHO onpedenums ¢ OMHOCUMenbHOU

nozpewHocmsio He 6osee +1%, ucnosib3ys OaHHbIE CKAHUPOBAHUS.

ViBon Anekcanap MBaHoBuu - npodeccop, a.dh.-mM.H, rmpodeccop Kadempbl
3JIEKTPOHHBIX BBIYMCIUTENbHBIX MallMH JHEIPOBCKOTO HAIMOHAJIbHOTO
yHuBepcutera umenu Osnecs 'oHuapa.

Hctymkuu Banepuit ®emopoBuu - [OLEHT, K.T.H., JOOLEHT Kadeapsl
3JIEKTPOHHBIX BBIYMUCIUTENbHBIX MallMH [HEIPOBCKOTO HAIMOHAJIbHOTO
yHuBepcutera umenu Osnecsa 'oHuapa.

Ppioka HOpwuit MwuxaiyioBud - accucTeHT Kadeapbl 3JIeKTPOHHBIX
BBIUMC/IUTENIbHBIX MalllMH [JHENmpOBCKOTO HALMOHAJIbHOTO YHUBEPCUTETA
umMmenu Onecs 'oHuapa.

CaBpan Cepreit BuxkropoBuMu - acnmMpaHT Kadeapbl 3JIEeKTPOHHBIX
BBIUMCIUTENbHBIX ~ MalMH  dakyabTeTa  QU3UKM,  SAEKTPOHUKU U
KOMIIbIOTEPHBIX CUCTEM [IHEIPOBCKOTO HAlMOHAJbHOIO YHMBEPCUTETA
umMmenu Onecst 'oHUapa.

IBoH Onekcanap IBanoBuu — npodecop, O.¢.-M.H, npodecop Kadpenpu ene-
KTPOHHMX O0OUMCITIOBAJbHMX MaliMH [IHIITPOBCHKOTO HAIliOHAJIBHOTO YHiBep-
cutety iMeHi Onecst ['oHUapa.

Icrymikin Basnepiit ®egopoBu4 — [OIEHT, K.T.H., JOLIEHT Kadenpu eaeKkTpo-
HHMX 00YMCITIOBAIbHMX MAIIMH JIHIITIPOBCHKOr0 HAIliOHAJbHOIO YHiBEPCUTETY
imeHi Osnecs 'oHuapa.
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Pu6ka IO0piit MuxaisioBu4 — acucTeHT Kadeapyu eJeKTPOHHUX O0O0UMCIIIO-
BaJbHMX MalllMH JIHIMIPOBCHKOr0 HAIL[iOHAJIBHOrO yHiBepcuTeTy imeHi Onecst
T'oHuapa.

CaspaH Cepriit BikTopoBuu - acripaHT Kadeapu eeKTPOHHUX 00UMC/TIOBA-
JbHUX MalIiMH (akyabTeTy (i3uKu, eJeKTPOHiKM Ta KOMIT'IOTEPHUX CUCTEM
IIHITIPOBCHKOTO HAIliOHAJIbHOTO YHiBepcuTeTy iMeHi Osecs 'oHuapa.
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