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USE OF THE DIGITAL IMAGES FOR MEASUREMENT OF SMALL PLANAR
OBJECTS GEOMETRIC PARAMETERS WITH HIGH PRECISION

Abstract. Web application for measuring of the sizes and the area of small planar objects use the
scan data of digital images has been created. The application has a means of programmatically
change the sizes of image. The influence of the digital image sizes on the measurement accuracy
was investigated. It is shown that with an increase in size by a factor of 6 7, the relative error
at measuring of the length is no more than 0.25%, and at the measurement of of the area is no
more than 1%.

Keywords: digital image, determination of parameters by scan data, measurement of area and
length.

Statement of the problem and purpose of research. In science and technol-
ogy, it is often necessary to measure the sizes and area of small surface objects of
materials and industrial products. The dimensions of such objects are usually a few
millimeters or less. Such objects, in particular, include small electrodes used in the
study of varistor materials at high electric currents [1].

It is impossible to measure the dimensions of planar objects with conventional
measuring instruments, such as micrometers, since they are inseparable from the
surface and have a flat shape. As shown in [2], the measurements can be performed if
the surface with such objects is photographed by a digital camera and the appropri-
ate processing of the digital image is performed. Processing consists in scanning the
coordinates of object. With a known image scale, based on the scan data, the dimen-
sions and area of a planar object can be calculated. Since the absolute error in scan-
ning digital images is +1 pixel, this makes it possible to ensure high measurement
accuracy at a high resolution of digital photocamera.

The purpose of this work is to create a program for measuring, based on scan
data, the sizes and areas of small planar objects and to study the possibility of in-
creasing the accuracy of measurements at increasing the dimensions of the digital
image by programmatically way.
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Major part. Measurement of the geometric parameters of a digital image object
is performed by scanning coordinates. To convert the scan data into parameter it is
necessary to define the scale of image. For this purpose use the scale segment of dig-
ital image with a known length Lc. If coordinates in pixels for the ends of such seg-
ment have the values (x1c, ylc)i (x2¢, y2¢), then the scale Mc is determined as
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When measuring the size L of a digital image object, coordinates are scanned at

two points on its boundaries. If the values of coordinates are (x1, y1) i (x2, y2), then
the length of object is calculated by the formula:

L:ML\/(xl_x2)2+(J’1_J’2)2- (2)

Taking into account the scanning error +1 pixel, the relative measurement er-

ror &, is determined in this case as
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When measuring the area S of object, the coordinates are scanned along the

contour enclosing the object. The Gauss formula [3] use for S calculation:
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Taking into account the error of scanning +1 pixel, it can be shown that the rel-
ative error at measurement of area Js is determined as
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A program for measuring the size and the area of small planar objects must re-
alizes the algorithm of image processing, which consists of the following stages: 1).
Loading the image to a screen of computer; 2). Scaling of the image; 3). Scanning the
coordinates of object; 4). Calculation the value of geometric parameter and the error
of its measurement based on the scan data.

To implement the described algorithm, a web application was created using the
languages HTML5, CSS3, JavaScript and the Canvas technology. We used the Canvas
technology to visualize the scan points on a digital image using vector graphics. Any
Internet browser can be used as a software environment for a web application.

ISSN 1562-9945 (Print) 121
ISSN 2707-7977 (Online)



«CucreMHi TexHoJsorii» 1 (138) 2022 «System technologies»

To control the processing of raster images, the web application interface has a
toolbox containing visible and hidden blocks with the necessary fields of form and
the buttons. The program opens hidden blocks at processing stages when these
blocks are needed. For working with the large images web page of application has a
canvas of 10000x7000 pixels. The top-left corner of canvas is positioned at the top-
left corner of browser window with the coordinates (0, 0). The same coordinates of
the upper left corner for images embedded in canvas the program ensures at the first
stage of processing algorithm.

Scanning is carried out by clicking the left mouse key in the selected point of
digital image. The coordinates are read at event "mouseup”. This event launches a
script that puts the scanned data in arrays of program and draws a white circle in the
scan point of digital image. Script connects neighboring scanning points by the
straight lines of white color. The program allows user to correct the scan results.
Correction is performed by removing the coordinates of the last scanned point from
the arrays and clears the visual display of this point in canvas. Correction allows the
user to carry out repeated scanning more correctly.

The scripts serving various stages of the processing algorithm have the means
for checking the filling of form fields and performing scanning. They form the mes-
sages to user when form fields are not filled, filled incorrectly, or when scanning has
not been completed.

After completing the coordinates scanning for measured object, the program
calculates geometric parameter and relative error of its measurement using the for-
mulas (2) - (5). The results of calculation are displayed in the hidden form fields of
toolbox. In fig. 1 is shown the view of program web page at the final stage of pro-
cessing at measuring the area of small electrode on the surface of varistor disk. For
determine the scale of image M,, segment of the rule 20 mm long was used. The val-
ue of scale was 36 um/pixel.

The digital image presented in fig. 1 has the dimensions determined in the
graphic file. Therefore, the relative error in measuring of the area for electrode with
diameter of 3 mm is quite large ~ 6%. According to equation (3), the relative error in
measuring the length decreases with increasing of the object sizes. Therefore, when
the resolution of monitor screen is constant, one should expect a decrease in the
measurement error with an increase in the size of testing digital image.

122 ISSN 1562-9945 (Print)

ISSN 2707-7977 (Online)



«CucreMHi TexHoJsorii» 1 (138) 2022 «System technologies»

@ [Choose File FANRITR ||
5 Download

Measurement of area |
Area:
4.019%0.247 mmxmm

Error: 16.15 %

Calculate area

Flgure 1 - Web page of the application on final processing stage, when measure the
area of planar object. The digital image has its original dimensions
presented in graphic file

It is possible to control the size of image by programmatically means if to use
the "width" property of the Image object of language JavaScript. For this purpose, the
program was supplemented with two scripts that are executed when the buttons "In-
crease of sizes" and "Decrease of sizes" (Fig. 1). The script executed when the "In-
crease of sizes" button is pressed increases the current width of the image by multi-
plying on 1.05 the value of program variable w, which stores the image width. The
script executed when “Decrease of sizes” button is pressed decreases the width of
the image by multiplying on 0.95 the value of w. This allows the user to resize the
digital image.

Fig. 2 shows results of measuring the planar object area when the image is en-
larged of 7 times. In this case the scale of digital image is 5.1 um/pixel. As it can be
seen at the increasing of image size takes place the significantly increasing in meas-
uring accuracy. The value of relative error at measuring of electrode area is less than
1%.

The scale of the digital image M;, defined in um/pixel, practically is the division
value for measuring device and determines the absolute error at the length meas-
urement. Since the value of scale M; = 5.1 um/pixel when the size of digital image is
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increased by 7 times then the accuracy of length measure exceeds the accuracy of

standard micrometers with a division value of 10 um.
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Flgure 2 - The web page of application after measuring the planar object

area when the image is enlarged of 7 times

The program was used to study the dependence of absolute error at the length
measuring and the relative errors at measuring of the size and area of planar objects
from the magnification of digital image. The value of magnification was calculated
as the product of 1.05x1.05x1.05x ... with the number of multipliers equal to the
number of the "Increase size" button pressing. The measurements were made for dif-
ferent magnifications by means of the program described above. The results are
shown in fig. 3.

As can be seen, the absolute and relative errors at the measurement of geomet-
ric parameters decrease with increasing of digital image sizes. This gives a possible,
by means of increasing the image size by a factor of 6 - 7, to obtain a relative error in
measuring the length of planar objects less than 0.25% and a relative error in meas-
uring the area less than 1%.
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Figure 3 - Dependence of the absolute error at the length measuring (a) and the de-
pendences of relative error for measuring the length (1) and area (2) (b) from the

magnification of digital image sizes

Conclusions. By means of the languages HTML, CSS, JavaScript and Canvas
technology web application for measuring the dimensions and area of planar objects
of digital images by scan data has been created. The application has a means for pro-
grammatically resizing the image. It is shown that when to increase the size of image
by a factor of 6-7, the relative error at measuring of the length is no more 0.25% and
at measuring the area is no more 1%.
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BukopucmatnHa yugposux 306paxkeHb 014 BUMIPIOBAHHA 2e0MeMPUYHUX hapaMempis ma
JIUX NIAHAPHUX 06°€KMiB 3 BUCOKOKO MOYHICMIO

HocnidweHo moxausocmi BUKOPUCMAHHA pacmposux (yugposux) 306paxeHs 014 sUMI
PIOBAHHS 3 BUCOKOIO MOYHICMIO PO3MIpUB 1 NaoWi Maaux naaHapHux o6’ekmis. Bumipsmu eeo
Mempuy4Hi napamempu makux 06'ekmis 38uYaliHUMU THCMPyMeHmMamu, Hanpukaao, mMikpomem
pamu HeMmoXJIUBO, OCKIJIbKU BOHU HeBI00i/IbHI BIO NOBEPXHI 1 Mamb Naocky gopmy. Lugposi
3006pakeHHs, ompuMaHi 3a 00NOMo20K0 Lupposoi homokamepu 0aroMb MOXUBICMb BUKOHAMU
BUMIPIOBAHHSA NPO2PAMHUM WJISXOM, BUKOHABLWIU CKAHYBAHHA KOOpOuHam o06°ekmis. OCKilbKU
NoXubKa CKaHYBAHHA He nepesulUlye +1 nikceslb MOXHA 3a6e3neyumu BUCOKY MOYHICMb BUMIDIO
BAHHA.

Memoto pobomu € cmsopeHHs 3acobamu nodaHHs THopmayii 8 mepexi IHmepHem npuk
nadHoz20 web 0odamky (npozpamu) 0N BUMIPIOBAHHA PO3MIPI8 1 NAOWT NAGHAPHUX 06'€kmis i
00C/IOXeHHS MOXAUBOCMT NIOBULYEHHS MOYHOCMT BUMIPIOBAHbL 3G PAXYHOK 30i/bLUEHHS PO3Mi
piB UUpPOBO20 300paXKEHHS NPOPAMHUM LWJIAXOM.

lpozpama peanizye anzopumm 06pobKU YuppPOBUX 306paXxeHb, AKUL CKNAOAEMbCA 3 308a
HMAXeHHA 3006paXeHHs, MacumabyBaHHs, CKaHYBAHHA KOOpOUHam 06’ekmy 1 po3paxyHKy Ha
niocmasi 0QHUX CKAHYBAHHS 2e0Mempu4YH020 napamempy, Wo BUMIPDOEMbCA. [N pO3pPaAXYHKY
naowi naaHapHux 06’ekmis Bukopucmaxa gopmyna ayca.

llpoepama mae 3acobu 01 3MiHU Po3MipiB YU POBO20 306PAKEHHS NPO2PAMHUM LTSXOM.
JocnioxeHo snaus po3mipis 306paxxeHHs Ha MOYHiCMb BUMIpiB. [10KA3GHO, WO Npu 361/1bLWeHHT
po3mipis 8 6-7 pasis BIOHOCHA NOXUOKA BUMIDIOBAHHS 00BXUHU CKIA0aE He binbue 70,25 %,
BUMIPIOBAHHA naowi He 6isbwie +1%. Lje 06ymMoB1eHO 3MeHWeHHAM abCcoIo mHOT NoxubKu sumi
PIOBAHHSA 00BXUHU Npu 361/1bLLIEHHT PO3MIpIB UUpPOBO20 300paXeHHS, OCKIIbKU NOXUOKA (i020
CKAHYBAHHA +1 niKce/lb 0CMAEMbCA He3MIHHOIO.

IBoH Onexkcanpap IBaHOBMY — [OKTOp (i3MKO-MaTeMaTMYHMX HaAyK, Mpodecop,
npodecop Kadenpu eqeKTPOHHMUX OOUMCITIOBAIbHMUX MalllMH, [ITHITPOBChKMII HaIlio-
HanbHUIM yHiBepcuteT iM. O. ['oHuapa.

IcTymkin Basnepiit ®emopoBuy — KaHAMIAT TEXHIYHMX HAYK, AOLIEHT, MOIEHT Ka-
denpu eneKTpOHHUX OOUMCITIOBAIBHMUX MaIlyH, [IHITPOBChKUII HAlliOHAIbHUI YHI-

Bepcurtet iM. O. ['oHuapa.
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