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SPECIFICS OF METHODS FOR ASSESSING THE ACCURACY
OF PARAMETER DETERMINATION WHEN IMPROVING
COMPUTER-INTEGRATED TECHNOLOGY FOR ANALYSIS
OF GAS-DISCHARGE RADIATION IMAGES

The article is devoted to the consideration of the features of methods for assessing the accuracy of
determining image parameters. Existing problems associated with the specifics of methods for obtaining
measurement information based on image processing and assessing the accuracy of determining geometric
and brightness parameters of images are analyzed.

The task of improving modern computer-integrated technologies, an integral part of which is the image
registration and processing subsystem, is associated with ensuring increased accuracy and reliability of
measurement results.

The implementation of computer-integrated technologies that include image processing procedures requires
an analysis of the components of measurement uncertainty that arise at different stages of the implementation
of information measuring technology.

The article provides a comparative analysis of the specifics of image registration and processing methods,
which allowed us to determine the specifics of methods for assessing the accuracy of parameter determination
when improving computer-integrated technology for analyzing gas-discharge radiation images. Compared
with other measurement conditions and models used in measurement methods with visual measurement
information, the gas-discharge radiation method can be characterized by two specific features: the absence
of fluctuations in the external illumination level, which is provided at the hardware level in accordance with
the requirements of the measurement experiment; the presence of requirements for determining and setting the
parameters of the hardware and software complex for image registration.

To compare different modifications of hardware and software complexes for recording images of gas-
discharge radiation, it is proposed to use a test object and the corresponding methodology for experimentally
assessing the random dispersion of geometric parameters of images based on the assessment of the mean
square deviation for individual series of observations made at different time intervals. To substantiate the
possibility of combining individual series of observations into a sample when processing experimental data,
the Student and Fisher criteria were used, based on which the hypothesis of equal accuracy of the performed
series of observations was confirmed.

Keywords: computer-integrated technology, image processing, gas-discharge radiation, measurement
uncertainty

Formulation of the problem. When developing
modern computer-integrated technologies, it is nec-
essary to pay attention to the improvement of hard-
ware and software. The corresponding improvement
consists both in the positive dynamics of qualitative
changes in the technology of obtaining and process-
ing experimental data, and in ensuring the improve-
ment of quantitative indicators. Qualitative changes
may consist in expanding the list of studied parame-
ters and improving the methods of processing exper-
imental data used in computer-integrated technology.
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Improving quantitative indicators, which together
determine the quality of modern computer-integrated
technology, consists primarily in increasing the accu-
racy and reliability of the results obtained during the
registration and processing of experimental data.
Analysis of recent research and publications.
The vast majority of modern automated systems and
computer-integrated technologies imply the registra-
tion of data in quantitative form. In this case, methods
are used both for measuring individual parameters of
research objects, and more complex methods for an
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integral assessment of the state of various objects or
processes, which may be based on obtaining images.
In both the first and second cases, quantitative values
are obtained as a result of the application of certain
measurement methods and information-measuring
technologies.

In accordance with modern requirements for the
quality of measurements, their accuracy should be
assessed in the form of measurement uncertainty. If
the uncertainty is calculated when measuring indi-
vidual physical quantities obtained using appropriate
measuring instruments or transducers, then today the
methods have been developed that are regulated in
the relevant standards [1].

In cases where the computer-integrated technol-
ogy includes components (subsystems) designed to
record, convert, process and analyze images, their
use requires appropriate procedures for assessing
the accuracy of parameters determined on the basis
of image analysis. Due to the development of com-
puter-integrated technologies, images are increas-
ingly used as measurement information, including for
measurements in laboratory conditions, in scientific
research and in industry.

It should be taken into account that the general
statement of the measurement task, the measure-
ment goal and the implementation of the measure-
ment experiment assume the presence of a model of
the measurement object. In the case of using images
as measurement information, it is first necessary to
determine which features of the images will be used
as measurement results, whether it is planned to deter-
mine their quantitative value and perform an accu-
racy assessment. When solving this issue, problems
may arise that depend on the specifics of the object
under study.

In [2] it is noted that there are no general mod-
els for the analysis of images or their parts, charac-
teristics, and relationships. Variants of such models
are known, but they are created for individual image
processing tasks or objects of a certain class. Also,
according to the conclusions made in [2], there are a
number of problems associated with the development
of universal methods for assessing the accuracy of
measurements, which are implemented on the basis
of image analysis.

The process of obtaining measurement infor-
mation in the form of images is significantly differ-
ent from measurement procedures and methods for
performing measurements of one individual physi-
cal quantity, so it always includes several stages, in
particular, registration, processing and analysis of
the image. Thus, the sources of measurement uncer-

tainty and the corresponding uncertainty components
should be analyzed and calculated separately for each
of these stages. The authors of the article [3] proposed
to allocate three separate steps at which the measure-
ment uncertainty components should be analyzed. In
the article [4], the use of calibration is proposed to
assess the accuracy of image parameters, which pro-
vides an estimate of the uncertainty of the dimensions
in the image.

From the analysis of literary sources, it can be
concluded that the vast majority of scientific research
related to the assessment of the uncertainty of quanti-
tative characteristics of images is aimed at tasks that
arise when studying images of real objects in industry,
in particular in the fields of machine vision systems
and robotic systems. For these industries, the tasks
of assessing the uncertainty components caused by
changes in the illumination of the object of research;
changes in the geometric dimensions, shapes, con-
tours of objects; changes in the image background are
relevant. But not all tasks of image registration and
processing are concentrated in these areas.

When using the gas-discharge radiation method,
the image acquisition and registration are signifi-
cantly different from similar procedures common in
machine vision systems. The gas-discharge radiation
method involves performing an active measuring
experiment under the influence of a pulsed electro-
magnetic field on the liquid sample under study. As a
result, an image of a corona gas discharge is formed,
which is a superposition of a spatial structure consist-
ing of a set of gas-discharge tracks [5, 6].

Task statement. Since the procedure for gener-
ating gas-discharge radiation images and possible
methods for their registration is characterized by
significant differences from the objects of research
in machine vision systems and the specifics of the
measurement model, it requires the development or
modification of existing methods for assessing the
uncertainty of image parameters.

The task of the research is to determine the spe-
cifics of methods for assessing the accuracy of image
parameters when improving computer-integrated
technology for analyzing gas-discharge radiation
images.

Outline of the main material of the study. When
studying the properties of liquid-phase objects by the
method of gas-discharge radiation, the stage of forma-
tion of a corona gas discharge in the form of a set of
gas-discharge tracks should be considered as a prob-
abilistic process. The complex physical processes
of the emergence and existence of gas discharges
underlie the stochastic dynamic model of the object
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of research. Thus, the model of the measured object
turns out to be quite complex, so the determination
of its parameters should be based on the methods of
probability theory and mathematical statistics.

The hardware and software complex used to per-
form experimental studies involves the formation of
experimental liquid samples, while the liquid samples
have a certain measured volume, which is provided
on the basis of the use of a metal conical funnel. As a
result, the liquid sample enters the space between the
two electrodes of the high-voltage pulse generator: the
first passive output of the generator is electrically con-
nected to the conical funnel and, accordingly, to the
sample of the liquid under study; the second high-volt-
age output is connected to an optically transparent
electrode on the lower surface of the glass plate [6].
Due to this design, in each individual experiment, the
uniformity of the shape and volume of the samples
under study is ensured within the permissible range.

As a result, the registered variants of corona
gas discharge for different samples of liquid-phase
objects are characterized by the similarity of the gen-
eral characteristics of the image. Among the general
characteristics of the images, the following can be
noted: the central part contains a fragment of a round
shape, which corresponds to the studied liquid sam-
ple; the image of corona gas discharge in the form
of a superposition of individual gas discharge tracks,
which are directed from the sample contour outward
with a gradual decrease in intensity and thickness as
they move away from the sample; the background
area of the image.

The method of corona gas discharge registration
involves conducting experimental studies indoors
without external lighting or separating a part of the
space to which external lighting is limited. Thus, all
images of gas discharge radiation are characterized
by a background with an almost uniform color and
separate procedures for determining, processing or
adjusting the illumination level at the stages of image
processing are not required, since illumination fluc-
tuations are eliminated at the hardware level during
image registration. Accordingly, the measurement
uncertainty component associated with systematic or
random fluctuations in the illumination level of the
research object is absent for this method.

The use of the hardware-software complex [6]
with additional consideration of the characteristics of
image histograms proposed in [7] allowed to increase
the accuracy of determining the parameters of corona
gas discharge images. To compare the accuracy char-
acteristics obtained at the previous stages of research
with new modifications of the hardware-software
complex, a test object was used. Since corona gas
discharge images of liquid-phase objects are charac-
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terized by uniformity of shape, a round metal object
was used for testing.

To study the characteristics that describe the random
dispersion of corona gas discharge parameters, sam-
ples consisting of 100 and 120 images of the test object
were obtained for each of the modifications of the soft-
ware and hardware complex, respectively. To assess the
uncertainty of the geometric parameters of the images, a
technique was used, according to which the quantitative
value of the diameter of the test object was estimated by
constructing six brightness profiles for each image.

To confirm the stability of the parameters of the
hardware and software complex, several series of
observations were performed at different time inter-
vals. Therefore, to substantiate the possibility of com-
bining individual series of observations into appropri-
ate samples, it was necessary to test the hypotheses
about the statistical equality between the values of
the experimental estimates of the mean values and the
variance. From a metrological point of view, this indi-
cates that the measurements in individual series of
observations were performed with the same accuracy.

To confirm the hypotheses about the statistical equality
of the values of the estimate of the mathematical expecta-
tion and the estimate of the variance when solving a wide
range of data processing tasks, it is usually recommended
to use the parametric criteria of Student and Fisher [8].

When performing experimental studies using
the gas-discharge radiation method, both statistical
hypotheses were confirmed by the Student criterion
and the Fisher criterion, respectively: 1) the dif-
ference between the experimental estimates of the
mean value of the size of the test object in individual
series of observations was insignificant; 2) the ratio
of experimental estimates of dispersions of geometric
dimensions in images turned out to be insignificant.

For both data samples (for the first version of the
device for recording images of gas-discharge radiation
and for the improved version of the hardware-soft-
ware complex [6]), a combination of separate series
of observations was performed into two corresponding
groups, for which experimental estimates of the diam-
eter of the applied test object are calculated as follows:
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where D, is the experimental assessment of the most
probable value of the test object size when using the
first version of the image registration device; D is
the experimental assessment of the most probable
value of the test object size when using the second
modification of the hardware-software complex for
recording gas-discharge radiation images; du are the
estimates of the average values for the i-th series of
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observations for the first version of the device; d2, are
the estimates of the average values for the j-th series
of observations for the second version of the device;
L, M are the volumes of observation series for the
first and second variants of devices, respectively.

To calculate experimental estimates of the spread
of values within the samples, the standard deviation
was estimated:
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To select images of the test object obtained when
using the first modification of the device, Sf’fﬁo’“m
mm. For the second sample, the corresponding stand-
ard deviation was |- |-016125 mm,

The values calculated in this way can serve as a basis
for estimating the standard uncertainty according to
type A. When using the gas-discharge radiation method,
this uncertainty component can be due primarily to the
probabilistic physical nature of the gas discharge and
the formation of different patterns of superposition of
gas-discharge tracks for uniform research objects. Also,
in the generalized experimental assessment of the scatter
of geometric parameters of the image in the form of the
standard deviation, other random factors of a probabilis-
tic nature can be taken into account.

When determining the accuracy characteristics of
gas-discharge images, it is also necessary to take into
account the uncertainty of type B, which in this case will
characterize the components of uncertainty that appear
when obtaining digital images. When using an analog
form of gas-discharge image registration, analog-to-dig-
ital conversion is used as a separate operation to convert
images into a form suitable for computer processing and
analysis. When using a digital camera for registration,
this component will be due to its limited resolution.

If not only geometric, but also pixel bright-
ness characteristics are used in image analysis, this
requires the use of additional techniques that allow
assessing the accuracy of their determination.

Often, the brightness characteristics of images are
used to study objects, in particular, this occurs when
constructing image histograms, spectral analysis,
determining texture features, etc. When analyzing
gas-discharge radiation images, methods have been
proposed that use the construction of histograms or
spectral analysis of images [9, 10].

In this case, in addition to the considered approach
to assessing the accuracy of geometric features of
images, it is necessary to apply methods for assess-
ing the accuracy of reproduction of brightness char-
acteristics. The accuracy of determining brightness
characteristics can be determined using a test object,

which can be a harmonic periodic lattice of different
brightness values for a halftone image, for example,
in the manner described in [11].

In the general case, in addition to the diameter of
the test object, other parameters can be used, which
constitute a set of values {x,,}, which are used to
assess accuracy. If the measurement channel consists
of several components or the components of meas-
urement uncertainty are estimated at separate stages
of the measurement procedure, then they must be
calculated separately as a set of components {u,} —
standard uncertainties for each individual i-th com-
ponent of the measuring channel or stage of image
registration and processing, including the uncertainty
of computational algorithms. The result of determin-
ing the quantitative parameters of images with an
assessment of their accuracy will be sets of values
{x,,uy,} , which are the studied parameters of the test
object, the values of which are registered at the output
of the measuring channel of image registration with
an assessment of their accuracy in the form of a com-
bined standard measurement uncertainty.

Conclusions. The vast majority of known meth-
ods for estimating the uncertainty of geometric and
brightness characteristics of images have been devel-
oped within the framework of the tasks of studying
physical objects, the images of which are recorded
by a digital camera in natural or industrial conditions.
In this case, much attention is paid to such factors as
illumination, the influence of external conditions.

The specifics of the procedures for recording, pro-
cessing and analyzing images of gas-discharge radi-
ation is that they are recorded in conditions without
external lighting, but require the use of appropriate
hardware for conducting an active measuring exper-
iment. To solve the problem of selecting the param-
eters of the pulse voltage generator, determining the
optimal modes of gas discharge formation, meth-
ods are needed that allow assessing the accuracy of
reproducing geometric and brightness parameters of
gas-discharge radiation images.

To compare the quality of obtaining measurement
information in the form of images of gas-discharge
radiation, methods based on the use of test objects
were proposed. Comparative analysis of the param-
eters of various modifications of hardware and soft-
ware complexes was implemented on the basis of the
assessment of the standard uncertainty of type A.

A comparative analysis of the obtained results
confirmed the feasibility of modifying the hardware
and software complex for studying the properties of
liquid-phase objects, an integral part of which is com-
puter-integrated technology that provides the con-
struction of histograms and the determination of the
amplitude of extrema for envelope histograms.
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I'nyxosa H.B. CHHEHHU®IKA METOAIB OINIHKU TOYHOCTI BUSHAYEHHS ITAPAMETPIB
IPU YIOCKOHAJIEHHI KOMIT'IOTEPHO-IHTET POBAHOI TEXHOJIOTTI JIJISI AHAJII3Y

30BPA’KEHD I'A30PO3PsA/THOI'O BUITPOMIHIOBAHHSA

Cmamms npuceauena posensady ocobnusocmeu Mmemooié OYIHKU MOYHOCMI GU3HAYEHHS Napamempie
s0bpadxcens. Ilpoananizoeano icnyloui npobremu, nog’szami 3i  cneyughikoro memooie OMpPUMAHHS
BUMIPIOBALHOL IHOpMayii Ha 6azi 06poOKU 300padCeHb I OYIHKOIO MOYHOCMI BUSHAYECHHS 2OMEMPUYHUX |
SACKPAGICHUX NApamempia 300paiceHs.

3as0annn yOoCKoHaneHHs CYYACHUX KOMN 10OMEPHO-IHMEeSPOGAHUX MEXHONO02IU, CKIA0080I0 YACTNUHOIO
AKUX BUCMYNAE niocucmema peecmpayii i 0OpobKu 300padiceHHs, N08 A3aHO 3 3a0e3neueHHAM NIOBUUeHHS
MOYHOCI Ma O0CMOBIPHOCMI Pe3YIbIMamis GUMIPIOBAHb.

Bnposaooicenns  xomn’romepno-inmecposanux mexHono2il, K GKIoYaomv npoyedypu 00pooKu
300padicenb nompedye anHanizy CKIa008UX HEGUIHAYEHOCMI GUMIDIOBAHDb, SIKI GUHUKATOMb HA PI3HUX emanax
peanizayii iHopMayitiHo-6UMIPIOBATbHOI MEXHONOIL.

Y ecmammi euxonanuti nopisusanbHUll ananiz cneyughiku memodie peecmpayii ma odpooKu 300padicetv, KUl
003601UE BUBHAUUMU O0COOIUBOCTNT MeMOOi8 OYIHKU MOYHOCHI BUSHAYEHHS NApamempie npu YOOCKOHALEHHI
KOMN FOMepPHO-IHMe2pO8aHOi MexXHON02IL 01 AHANIZY 300PaAdCeHb 2a30PO3PAOHO20 BUNPOMIHIOBAHHS. Y NOPIGHAHHI
3 [HWUMU YMOBAMU MA MOOCIAMU BUMIPIOBAHD, SAKI 3ACMOCOBYIOMbCA Y MEMO0ax SUMIPIO8AHb 3 OMPUMAHHAM
BI3YAILHOT BUMIPIOBATLHOL THHOPMAYIT, MEMOO 2a30PO3PSIOHO20 BUNPOMIHIOBAHHIMOICHA OXAPAKMEPUSYEAMUOBOMA
cneyuhiuHUMU 0COOTUBOCAMU. BIOCYMHICIIO KOMUBAHD 308HIUHLO20 PIGHS OCEIMIICHOCTI, W0 3a0e3NeUyEmbCs
HA anapamnomy pieHi 8i0N06IOHO 00 BUMO2 NPOBEOCHHS BUMIPIOBATLHO20 eKCNEPUMEHNTY; HASAGHICIIIO 8UMO2 OO0
BUBHAYEHHS | HALAWIMYBAHHS NAPAMEMPIE ANApAMHO-NPOSPAMHO20 KOMIIEKCY O/l pEeECmpayii 300paicets.

s nopisHAuHA pi3HUX MOOUDIKaYill anapamuo-npocpamMHux KOMNIeKcie 01 peecmpayii 300pasiceHs
2a30P03PAOH020 BUNPOMIHIOBAHHSL 3ANPONOHOBAHO BUKOPUCIIAHH MeCcm-00 " ckmy i 8i0n08iOHOI MemoouKu
0Jis1 eKCnepUMeHmMAaibHOI OYIHKU SUNAOKOB020 DPO3KUOY 2eOMEMPUYHUX napamempie 300padceHb Ha 0asi
OYIHKU CEePEeOHbOK8AOPAMUYHO20 GIOXUNCHHSL OJisl OKPEMUX Cepill CNOCMEPENCetb, GUKOHAHUX Y PI3HI 4aCosi
npomidicku. J{is 00epyHmy8ants MONCIUBOCIT NOEOHAHMS OKPEMUX Cepill CNOCMEPedCceHb y 6UubIpKu npu
00poOYi  eKcnepuMeHmanvbuux Oaunux euxopucmano xpumepii Cmviodenma ma Diwepa, na niocmasi
3ACMOCYB8AHHA AKUX OVII0 RIOMBEPOAHCEHO 2inome3y w000 PIBHOMOUHOCI BUKOHAHUX Cepili CNOCEPeHCeHb.

Kniouosi cnoea: xomn’tomepHo-inmezposana mMexHono2is, 00poOKa 300padicenb,  2a30po3paOHe
BUNPOMIHIOBAHHS, HEGUSHAYEHICMb BUMIDIOBAHD.
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