InpopmaTuKa, 06uKCII0BAIbHA TEXHIKA Ta aBTOMAaTH3aLlis

UDC 001.89:004.31
DOI https://doi.org/10.32782/2663-5941/2025.6.2/13

Glukhova N.V.
Dnipro University of Technology

Pesotskaya L.A.
Dnipro University of Technology

IMPROVEMENT OF THE METHODOLOGY OF AUTOMATED
DETERMINATION OF PHOTOMETRIC CHARACTERISTICS
OF IMAGES BASED ON ROBUST AND NONPARAMETRIC METHODS

The article considers the current issues of improving the methodology of automated processing of
measurement information registered in the form of images. Analysis of existing developments in the field
of determining the statistical characteristics of images indicates a wide range of methods, for the justified
application of which a preliminary analysis of experimental samples is required, which are sets of geometric
and photometric characteristics of images obtained during the procedure of multiple measurements.

The results of a measurement experiment require obtaining not only quantitative values for individual
geometric and photometric characteristics of images, but also an assessment of their accuracy and reliability.
1t is known that the assessment of the accuracy of the obtained experimental results of multiple measurements
can be based on the standard procedure for assessing type A uncertainty or expanded uncertainty, while a
necessary condition is to verify the hypothesis that the experimental sample complies with the model distribution
law. If the hypothesis of compliance with the model distribution law is not confirmed, then it is necessary to
apply robust and non-parametric methods of processing experimental data that are resistant to deviations from
the form of the model distribution law.

The article outlines the sequence of development and the main operations of the method for processing
experimental data in the form of corona gas discharge images.

An integral part of the method is an algorithm that allows using the measurement results obtained on the
basis of multiple measurements as input data, ensuring the averaging of photometric parameters of images
by calculating the sample median for each of the histogram brightness intervals and removing elements with
significant deviations from the sample based on comparing the minimum and maximum elements with the
median value of the corresponding histogram brightness range.

In addition to the robust method, which is based on median estimation, the developed method also provides
for the use of series and sign criteria for comparative analysis of two parallel samples of similar photometric
features of images; sign criterion — for samples of similar image characteristics in order to confirm their
homogeneity during experimental study of samples of the same liquid under different conditions of the
measurement experiment.

Key words: information and measurement technology, robust methods, nonparametric methods, gas
discharge radiation.

Formulation of the problem. A characteristic
feature of modern information and measurement
technologies and automated environmental moni-
toring systems is the expansion of capabilities for
registering values not only of individual physical
quantities, but also the possibility of performing a
comprehensive analysis of various types of meas-
urement objects, which is based on the processing of
visual data.

At the previous stages of development of auto-
mation of measurements and control of various
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objects and processes, the widespread implemen-
tation of information and measurement technolo-
gies based on the processing of experimental data
in the form of visual information was limited by
hardware for digital image registration, as well as
limitations on the volume of transmission and stor-
age of visual data.

In recent years, these limitations have actually
been resolved thanks to achievements in the field of
hardware for automation of information and measure-
ment and computer-integrated technologies.
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The processes of sustainable development of mod-
ern scientific research methodology, which are used
at the empirical and theoretical levels of research,
involve the processing and analysis of images, deter-
mine the need to improve methods for processing
experimental data, taking into account the current
level of development of software and hardware in the
field of information and measurement technology.

Analysis of recent research and publica-
tions. The initial stage of processing experimental
data recorded in the form of images is usually the
so-called pre-processing of images, which includes
various methods of image enhancement, image his-
togram correction, and noise removal [1-4]. At this
stage, both universal methods and specialized meth-
ods of image processing of a certain type can be used.
Methods of pre-processing of images are applied both
in solving general problems of improving the quality
of images in human visual perception, and as compo-
nents of modern information and measuring technol-
ogies or machine vision technologies.

When using visual data in information and measure-
ment technologies, for example, in environmental mon-
itoring systems, the next stage of image processing will,
typically include non-trivial image analysis procedures,
the main purpose of which is to highlight such charac-
teristic geometric and photometric characteristics that
allow to qualitatively and quantitatively assess certain
properties of the studied object or process.

The procedure for parameterizing images in the
applied field, for example, in environmental monitor-
ing, is usually based on the statistical analysis of sam-
ples of visual experimental data. In this case, standard
procedures can be used that involve the use of para-
metric methods for processing experimental data with
the assessment of such sample characteristics as the
mean square deviation, experimental estimate of the
variance, experimental estimate of the mean square
deviation, and assessment of measurement uncer-
tainty according to type A. In this case, the statistical
analysis of images can be based on the model normal
distribution law (Gaussian distribution) [5].

From the perspective of the applied use of visual
experimental data in the field of metrology and infor-
mation and measurement technologies, it should
be emphasized that when determining the quality
of the measurement result, estimates are indicated,
for example, in the form of expanded measurement
uncertainty, which involves the justified application
of a certain model distribution law and, accordingly,
performing a preliminary procedure for its identifica-
tion, i.e. testing the hypothesis that the experimental
sample does not contradict the model distribution law.
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If experimental data in the form of images are used
when developing information-measurement technol-
ogy, the geometric and photometric characteristics of
which correlate with the values of the parameters of
the objects or processes under study, then the sets of
these parameters (experimental samples) are subject
to the procedure for testing the hypothesis for con-
sistency with the model probability distribution law.

Unjustified application of the model distribu-
tion law, for example, when determining the cover-
age factor when calculating the expanded measure-
ment uncertainty of geometric or photometric image
parameters, can lead to errors in assessing the quality
of measurements.

It should be noted that the use of the arithmetic
mean or mid-range as the best estimate of the mathe-
matical expectation also requires testing the hypoth-
esis for consistency with the model of probability
distribution law. For example, the presence of signif-
icant random deviations in the experimental sample
can lead to a significant shift in the arithmetic mean.

These limitations and problems require analysis
when using images as experimental data in the prac-
tical application of information and measurement
technologies based on the statistical analysis of sam-
ples of geometric and photometric characteristics of
images.

When detecting the regular occurrence of signifi-
cant deviations among the samples of image parame-
ters and the impossibility of confirming the hypothesis
regarding the compliance of the samples with known
model of distribution law (for example, normal, uni-
form, triangular), the methodology used in statisti-
cal analysis of images should be based on robust or
nonparametric methods for processing experimental
samples of measurement data.

Robust methods are recommended for processing
experimental samples for which it was impossible to
confirm the hypothesis of consistency with the model
probability distribution law, or in cases of insufficient
data or lack of a priori information about the distribu-
tion law [6, 7]. At the same time, the use of standard
methods for processing experimental measurement
data under the condition of unfounded assumption of
the normal distribution law of the experimental sample
can lead to significant errors in the obtained measure-
ment results, assessment of their accuracy or omis-
sion of characteristics of the experimental data sample
[8-10]. Also, in cases where it is impossible to confirm
the assumption of the normal distribution law, it is rec-
ommended to use nonparametric methods [11].

Task statement. The analysis of modern meth-
odology in the field of experimental data processing,
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which are the results of the image parameterization
procedure, indicates the need to improve information
and measurement technologies based on statistical
processing of experimental data samples. In particu-
lar, identifying cases when for experimental samples
consisting of image parameters, it is impossible to
confirm the hypothesis of consistency with a certain
type of model distribution law or due to insufficient
a priori data. The aim of the work is to improve the
methodology for parameterization of geometric and
photometric characteristics of gas-discharge radiation
images with their subsequent statistical processing
based on the application of robust and non-parametric
methods of mathematical statistics.

Outline of the main material of the study. The
need to use robust and nonparametric methods in the
development of information-measurement technolo-
gies based on measurement information in the form
of images may be due to the peculiarities of the image
registration procedure, as well as the specificity of the
research object and the physical processes that arise
during the implementation of the measurement pro-
cedure. When using the corona gas discharge method
in the field of developing environmental monitoring
systems, the procedure for determining the character-
istics of the liquid involves the impact of an external
electromagnetic field on the liquid sample [12-14].
The measurement procedure consists in registering
an image of the formation of gas discharges around
the sample under study. In this case, the peculiarity of
the measurement experiment is that the physical pro-
cesses during the formation and propagation of gas
discharges are probabilistic in nature. This causes the
obtained image samples for identical liquid samples
to always have a certain random variation of geomet-
ric and photometric characteristics.

During the analysis of a large number of experi-
mental data obtained using the corona gas discharge
method, it was found that the specificity of this
method is the presence of deviations in the samples
of experimental data, which consist of geometric and
photometric characteristics of the images. Such devi-
ations is due to the random nature of the formation of
individual gas discharge tracks in the overall picture
of the corona gas discharge, which is a superposition
of many individual gas discharges. Thus, when using
this method, the presence of deviations in the data
samples is due to the physical nature of the formation
of gas discharges.

The first modification of the method for process-
ing gas-discharge radiation images involved the use
of experimental estimates of the mathematical expec-
tation of the number of pixels in the brightness inter-

vals of image histograms in the form of an arithmetic
mean value or median. This method was based on
constructing a histogram of a gas-discharge radiation
image from 256 columns corresponding to different
brightness levels [15].

Further theoretical and experimental studies in the
implementation of the corona gas discharge method
for determining the characteristics of liquid-phase
objects have proven the need to use methods based on
the estimation of the sample median, in particular, the
processing of data samples, which allowed obtaining
statistical estimates that are more resistant to devia-
tions among the photometric parameters of images
due to the probabilistic nature of the formation of the
gas discharge. On this basis, a methodology, algo-
rithm and software were developed for constructing
a histogram of images consisting of 12 columns, for
each of which the median is estimated within the
brightness interval [16-19], one of the modifications
of the method based on the estimation of medians in
terms of applied application for the analysis of corona
gas discharge images of water of various types is pre-
sented in [20].

In [17], a detailed justification of the need to use
robust methods for estimating statistical parameters
of images, which are based on the median estimate of
the corona discharge image parameters sample, rather
than the arithmetic mean value, which is usually taken
“by default”, but turns out to be an unreliable exper-
imental estimate of the mathematical expectation in
cases where the hypothesis of compliance with the
model normal distribution law is not confirmed on the
basis of statistical criteria of agreement. Also in [17],
a method for classifying images using the criterion of
the minimum Euclidean distance between the medi-
ans of image histograms was proposed, the accuracy
and reliability of which was confirmed on the basis
of statistical processing of experimental samples of
images of the corresponding typical water samples,
with the volume of samples being no less than 400.

At the current stage of improving the method,
algorithm and application software for analyzing
gas-discharge radiation images, a universal algorithm
has been developed that allows using the measure-
ment results obtained on the basis of single or mul-
tiple types of measurements as input data with the
possibility of averaging the photometric parameters
of images of a sample of arbitrary size by calculating
the sample median for each of the histogram bright-
ness intervals. In this case, the condition of the avail-
able experimental sample size is checked and, pro-
vided that the number of elements is more than 30,
the condition of deviation by 50% from the median
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value for the current histogram brightness range for
the minimum and maximum elements of the variation
series is checked.

When the specified threshold level of deviation
from the median is exceeded, the corresponding image
is removed from the experimental data set, thus the
number of elements of the variation series is reduced.
The use of such an approach in improving the method
for processing gas-discharge radiation images has
ensured an increase in the robustness of the method
due to effective automated censoring of the experimen-
tal sample of image parameters from random devia-
tions caused by breakdowns from electrodes when cre-
ating a pulsed electromagnetic field, which appeared as
zones of solid color of the inner circle of the image or
corona of gas-discharge radiation.

The practical application of the universal algo-
rithm for processing samples of arbitrary size is illus-
trated in Fig. 1-4, which present graphs of distribution
histograms for selected typical water classes (shown
in the figures by columns with solid gray color),
together with the histograms, graphs of median val-

ues in the corresponding brightness intervals calcu-
lated for experimental samples of corona gas dis-
charge images are shown (shown in the figures by
solid black polygonal chains, while the ordinates of
the points corresponding to the average values of the
broken segments are equal to the calculated median
values in the corresponding brightness intervals).

In the next step of improving the methodology for
processing measurement information in the form of
corona gas discharge images, in addition to robust
methods for calculating the best experimental esti-
mate of the mathematical expectation and censoring
the experimental data sample, nonparametric meth-
ods for processing experimental data were applied,
which are described in [21-24].

When using nonparametric statistical methods, the
following tasks of processing experimental data, which
are presented in the form of photometric features of
corona gas discharge images, were solved: criteria of
series and signs [21-24], which were used for quanti-
tative comparative analysis of two parallel samples of
similar photometric features of gas discharge radiation
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Fig. 1. Histogram graph of a distilled water samples and medians of corona discharge image brightness intervals
for an experimental sample of images
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Fig. 2. Histogram plot of a tap water samples and medians of corona discharge image brightness intervals
for the experimental sample of images
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Fig. 3. Histogram plot of a natural water samples and medians of corona discharge image brightness intervals
for an experimental sample of images
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Fig. 4. Histogram graph of a functional water samples and medians of corona discharge image brightness
intervals for an experimental sample of images

images; criterion of signs - in order to test the hypoth-
esis of homogeneity for samples of similar characteris-
tics of gas discharge radiation images to confirm their
homogeneity during the experimental study of samples
of the same liquid under different conditions of the
measurement experiment.

Conclusions. The paper presents the results of sci-
entific research performed with the aim of improving
the methodology for automated determination of quan-
titative photometric parameters of images based on
robust and nonparametric methods. The need to mod-
ify existing standard methods for processing measure-
ment information, which is the result of multiple obser-
vations, was due to the specifics of the implementation
of the gas-discharge radiation method and the physical
processes that occur during the formation of a corona
gas discharge pattern around a sample of the liquid
under study during an active measurement experiment.

Based on the analysis of experimental data sam-
ples, it was proven that standard methods for pro-
cessing the results of multiple observations, in par-
ticular those built on the basis of the assumption of
consistency with the model normal distribution law,
cannot be applied in this case due to the rejection of
the relevant statistical hypotheses, as well as due to
the presence of deviations in the experimental sam-
ples, due to the probabilistic nature of the formation
of gas discharges, as well as the geometric complex-
ity of the resulting figure as a superposition of indi-
vidual tracks on the image of a corona gas discharge.
Based on the conducted experimental studies, the
effectiveness and reliability of the application of
robust and non-parametric methods for processing
experimental data samples, which are the results of
parameterization of gas discharge radiation images,
were proven.
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Inyxosa H.B., Miconbka JI.A. YIOCKOHAJIEHHS METOJOJIOI'TI ABTOMATHU30BAHOI'O
BU3HAYEHHSI ®OTOMETPUUYHUX XAPAKTEPUCTHUK 306PA’KEHDb HA BA3I POBACTHHUX
TA HEHAPAMETPUYHUX METO/IB

Y cmammi pozenanymo axmyanvHi numauHa YOOCKOHANEHHA MemoOO0N02ii  a8moMamu308aHo20
ONPayIosanHs BUMIPI0BANbHOI iHghopmayii, 3apeecmposanol’ y u2isoi 30opasicetv. AHAI3 iCHYIOYUX pO3POOOK
6 2ay3i BU3HAYEHHA CMAMUCMUYHUX XAPAKMEPUCHUK 300paxceHb 8KA3YVE HA WUPOKULL CNeKmp Memoois,
0151 002PYHMOBAHO20 3ACMOCYBAHHS SAKUX HeOOXIOHUU NnonepeoHiil aHali3 eKCNepUMEeHMANbHUX UDIPOK,
AKI A61A10Mmb 00010 HAbOpU 2eoMempUYHUX Ma HOMOMEMPUYHUX O3HAK 300paxiceHb, OMPUMAHUX 8 XO0O0i
npoyedypu 6a2amoxkpamuux UMIpHO8aHb.

Pesynomamu  npogedennss BUMIPIOBATILHO2O eKCHEePUMEHMY BUMA2AlOMb OMPUMAHHA He MIIbKU
KIMbKICHUX 3HAYEHb O OKPeMUX 2eOMeMPUYHUX MA (OMOMEMPUYHUX XAPAKMEPUCTNUK 300padiceHb, dne U
oyinku ix mounocmi ma oocmogiprocmi. Bioomo, wo oyinka mouHocmi ompumanux excnepumeHmanbHux
pe3ynvmamis 6a2amokpamHux BUMIPIOBAHbL MOCe ZPYHMY8AMUCh HA CMAHOAPMHIL Npoyedypi OYiHKU
HesuzHayenocmi muny A abo po3suupenoi HeeU3HAYEHOCMI, NPU YbOMY HEODOXIOHOI0 YMOBOI € nepesipKa
2inomesu npo 8i0N0BIOHICHb eKCHEePUMEHMANbHOT UDIPKU MOOETbHOMY 3aKOHY po3nodiny. Axwo cinomesy
npo BiONOGIOHICMb U000 MOOETbHO20 3AKOHY PO3N00LLY He NiOMEepOdiceHo, MO He0OXIOHO 3aCMOCo8Y8amu
pobacmui ma HenapamempuyHi Memoou 00poOKU eKCnepUMeHMAIbHUX OAHUX, AKI € CIMIUKUMU 00 8I0XUNEHb
810 hopmu MOOeIbHO20 3AKOHY PO3NOOLTY.

Y cmammi euxnadeno nocniooguicme pospobku ma OCHOBHI onepayii MemoouKku Onpayro8anHs
EeKCNEePUMEHMANbHUX OaHUX Y 6uensdi 300paicenb KOPOHHO2O0 2a306020 po3psdy. CKIado600 4acmuHow
MEMOOUKU € A2OPUMM, AKUU O03B0JIAE Y AKOCMI BXIOHUX OAHUX BUKOPUCTHOBY8AMU DE3YIbINaAmU 8UMIPIOB8AHD,
ompumari Ha 6a3i 6a2amoKPamHUX GUMIPIOBAHb, 3 3A0e3NeYeHHAM YCepeOHeHH s (POMOoMempPUTHUX napamempis
300padicenb WIAXoM 00YUCIeHHs 8UDIPKOBOI Medianu OISl KOJCHO2O0 3 IHMep8aiis sCKpasocmi sicmozpamu
ma 8uOAIeHHs 3 BUOIPKU eleMeHmi8 3 CYMMEBUMU BUKUOAMU HA NIOCMABL NOPIGHAHHA MIHIMAIbHO2O0 MA
MAKCUMATIbHO2O elleMeHmi6 31 3HaAUeHHAM Medianu 8iON0BioH020 0iana3ony aCKpasoCcmi 2icmozpamu.

Oxpim pobacmmnoco memody, KUl 2PYHMYEMbCsL HA OYiHYi Medianu, po3pobiena memoouxa nepedbadae
MAKOIC 3ACMOCYBAHHS KpUmMepiie cepiil ma 3Haxie 0/ 30IUCHEHHS NOPIBHANILHO20 AHAI3Y 080X NAPALETbHUX
BUOIPOK AHANOSTYHUX (OMOMEMPUYHUX O3HAK 300padicenb; Kpumepill 3HaAKi6 — 0/ 8UOIPOK AHANO0STYHUX
Xapakmepucmuk 300pajdceHb 3 Memol NiOMEepONCeH sl iX 0O0HOPIOHOCMI 6 X00i eKCHepUMEHMAIbHO20
00CAI0IHCEHH 3pA3KI6 OOHIEL pIOUHU 8 PIZHUX YMOBAX BUMIPIOBAILHOZO eKCHEePUMEHTY.

Kniouoei cnosa: inghopmayitino-eumiprosanbha mexmnonozis, pooacmui memoou, Henapamempudni Memoou,
2a30po3ps0He BUNPOMIHIOBAHHSL.
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