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Nazov pracoviska, na ktorom bol projekt rieSeny

1. Ustav merania SAV

2. Matematicky ustav SAV

3. Strojnicka fakulta STU v Bratislave
4. Slovensky metrologicky ustav

Nazov a stat zahrani¢éného pracoviska, ktoré spolupracovalo pri rieSeni

Udelené patenty/podané patentové prihlasky, vynalezy alebo uzitkové vzory, ktoré su
vysledkami projektu

Najvyznamnejsie publikacie (knihy, élanky, prednasky, spravy a pod.) zhriiujuce
vysledky projektu — uved'te aj publikacie prijaté do tlace

Za najvyznamnejSie vystupy za celu dobu rieSenia projektu, ktoré dobre reprezentuju
spektrum dosiahnutych vysledkov a reflektuju stanovené ciele projektu, povazujeme tieto
monografie a vedecké ¢lanky:

1. DOVICA, M. — KELEMENOVA, T. — PALENCAR, J. Bezdotykové metédy merania
geometrickych veli€in. KoSice Technicka univerzita v KoSiciach, 2020.

2. PALENCAR, R. - WIMMER, G. - PALENCAR, J. - WITKOVSKY, V. Navrhovanie a
vyhodnocovanie merani. Bratislava, Nakladatelstvo STU. 2021. V tladi.

3. WITKOVSKY, V. - WIMMER, G. - DURISOVA, Z. - DURIS, S. - PALENCAR, R.: Brief
overview of methods for measurement uncertainty analysis: GUM uncertainty framework,
Monte Carlo method, characteristic function approach. In: MEASUREMENT 2017,
Proceedings of the 11th International Conference on Measurement. Smolenice, Slovakia,
2017, 35-38.

4. RABONOVA, P. - WIMMER, G.: Confidence region for calibration function coefficients.
Measurement Science Review 18(6), 2018, 227-235.

5. CHVOSTEKOVA, M.: Multiple use confidence intervals for a univariate statistical
calibration. Measurement Science Review 19(6), 2019, 264-270.

6. KRAKOVSKA, A.: Correlation dimension detects causal links in coupled dynamical
systems. Entropy 21(9), 2019, 818.

7. PALENCAR, R. - DURIS, S. - PALENCAR, J. - HALAJ, M. - SOOS, L.: Matrix
presentation of uncertainties propagation in the realization of ITS-90 temperature scale
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using standard platinum resistance thermometers. Measurement Science Review 20(2),
2020, 73-79.

8. WIMMER, G. - WITKOVSKY, V.: Model of polynomial calibration. Journal of Physics,
2018, 072011.

9. WITKOVSKY, V. - WIMMER, G.: Generalized polynomial comparative calibration:
Parameter estimation and applications. In: Yurish, S.Y. (Ed.), Advances in Measurements
and Instrumentation: Reviews. vol. 1. Barcelona, Spain, 2018, 15-52. International
Frequency Sensor Association Publishing.

10. WITKOVSKY, V. - WIMMER, G. - DUBY, T.: Estimating the distribution of a stochastic
sum of iid random variables. Mathematica Slovaca 70(3), 2020, 759-774.

Uplatnenie vysledkov projektu

Vysledky rieSenia projektu sa uplatnia v tedrii spracovania vysledkov merani, ako aj v
metrologickych a technickych aplikaciach a experimentalnom vyskume s dérazom na
korektnu analyzu neist6t vysledkov merani.

Dosiahnuté vysledky publikované vo forme vedeckych ¢lankov, monografii, u¢ebnic a
algoritmov, budu vyuzivané

- pre dalSi rozvoj tedrie vyhodnotenia kalibracie, tvorbu Specifickych modelov kalibracie a
korektné stanovenie neistot v kalibracii,

- pre kalibraciu senzorov a prevodnikov v réznych oblastiach technickej a biomedicinskej
praxe,

- pri kalibracii meradiel v narodnom metrologickom ustave (Slovensky metrologicky ustav v
Bratislave),

- pre realizaciu a vyhodnotenie medzilaboratérnych experimentov na urovni narodnych
metrologickych ustavov,

- pri tvorbe noriem a Standardov v ramci SR, ako aj pre tvorbu medzinarodnych noriem a
Standardov ISO (International Standardization Organization), (TK 110 Metroldgia, TK 71
Aplikacie Statistickych metdd v riadeni kvality),

- pri vyu€be v inzinierskom Studiu Meranie a skuSobnictvo a v celozivotnom vzdelavani na
SjF STU,

- v doktorandskom $tudiu, pri rieeni dizertadnych prac doktorandov SjF STU, MU SAV a
UM SAV, ako aj v narodnom metrologickom uUstave. Ich prostrednictvom sa vytvoria
predpoklady aj pre Sirenie vysledkov na ich buduce pracoviska.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Cielom projektu bol rozvoj matematicko-Statistickych metdd a algoritmov pre
vyhodnocovanie merani s dérazom na rozvoj modelov a metdd v oblasti viacrozmerne;j
kalibracie meradiel a metdd a algoritmov pre stanovenie neistdét v merani pomocou uréenia
exaktnych resp. aproximativnych pravdepodobnostnych rozdeleni vysledkov merania.

- V oblasti teoretického vyskumu matematicko-Statistickych modelov a metod pre
viacrozmernu kalibraciu boli navrhnuté nové modely viacrozmernej kalibracie a odvodené
ich teoreticke rieSenie pre Specialne situacie. Nove vysledky boli dosiahnuté aj v oblasti
rozvoja tedrie zovSeobecnenej polynomickej komparativnej kalibracie so zlozitou
kovarian¢nou Strukturou a za poru$enia Standardnych predpokladov o normalite rozdelenia
chyb merani. Okrem toho, boli navrhnuté metédy pre meranie zlozitosti signalov, metddy
pre konstrukciu (simultannych) konfiden&nych oblasti zalozenych na toleranénych
intervaloch, metddy Statistickej inferencie v zmieSanych linearnych modeloch, ako aj metddy
pre modelovanie zdruzeného rozdelenia korelovanych nahodnych premennych pomocou
kopul.

- V oblasti rozvoja kalibracie snimacov boli experimentalne overené navrhnuté teoretické
modely merania a kalibracie. Navrhnuté boli algoritmické rieSenia na efektivnu
implementaciu navrhnutych postupov. Stanovené boli hodnoty vybranych fyzikalno-
chemickych veli€in a implementacia navrhnutych teoretickych vysledkov do konkrétnych
postupov tak, aby tvorili zaklad metodiky vyhodnotenia kalibracie v $pi¢kovych
metrologickych a kalibraénych laboratériach.

- V oblasti rozvoja metdd a algoritmov pre uréenie pravdepodobnostnych rozdeleni
vysledkov merania a charakterizaciu neistdt v metrolégii boli navrhnuté originalne metédy a
postupy na uréenie zlozitych rozdeleni a bola vytvorena databaza charakteristickych funkcii
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vyuzitefnych v oblasti analyzy merani a v metroldgii. Vytvorili sa algoritmy a metddy pre
softvérovy balik na vypocet pravdepodobnostnych rozdeleni numerickym invertovanim
charakteristickej funkcie vo vypoctovom prostredi jazyka MATLAB (resp. R).

Pocas rieSenia projektu bolo publikovanych 155 réznych publikacnych vystupov suvisiacich
s rieSenim projektu. Z toho 15 publikacii v karentovanych ¢asopisoch (7 SR + 8 zahrani¢né),
38 publikacii v recenzovanych vedeckych ¢asopisoch (15 SR + 23 zahrani¢né), 50 publikacii
v nerecenzovanych odbornych €asopisoch a zbornikoch (37 SR + 13 zahrani¢né), 1
monografia v SR, 48 ostatnych publikacii (publikované v zbornikoch abstraktov a na
konferenciach v zahrani¢i ako aj publikacie pripravené a prijaté do tlace) a 3 popularizaéné
publikacie. Uvedené publikacie boli citované v karentovanych publikaciach SCI 44-krat (6
SR + 38 zahrani¢né) a 22 v ostatnych typoch publikacii (podrobny rozpis je uvedeny v
spravach Vystupy a prinosy projektu za uvedené roky rieSenia projektu).

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The aim of the project was the development of mathematical-statistical methods and
algorithms for the evaluation of measurements with emphasis on the development of models
and methods in the field of multidimensional calibration of meters and methods and
algorithms for determining measurement uncertainties by determining exact resp.
approximate probability distributions of the measurement results.

- In the field of theoretical research of mathematical-statistical models and methods for
multidimensional calibration, new models of multidimensional calibration were proposed and
their theoretical solution for special situations was derived. New results were also achieved
in the field of the development of the theory of generalized polynomial comparative
calibration with a complex covariance structure and in violation of standard assumptions
about the normality of the distribution of measurement errors. In addition, methods for
measuring signal complexity, methods for constructing (simultaneous) confidence regions
based on tolerance intervals, methods for statistical inference in mixed linear models, as
well as methods for modeling the combined distribution of correlated random variables using
domes have been proposed.

- In the field of sensor calibration development, the proposed theoretical models of
measurement and calibration were experimentally verified in cooperation with the project
partners. Algorithmic solutions have been proposed for the effective implementation of the
proposed procedures. The values of selected physico-chemical quantities and the
implementation of the proposed theoretical results into specific procedures were determined
so as to form the basis of the methodology of calibration evaluation in top metrological
calibration laboratories.

- In the field of development of methods and algorithms for determining probabilistic
distributions of measurement results and characterization of uncertainties in metrology,
original methods and procedures for determining complex distributions were designed and a
database of characteristic functions usable in measurement analysis and metrology was
created. Algorithms and methods for a software package for calculating probability
distributions by numerical inverting of a characteristic function in the MATLAB (or R)
computational environment have been developed.

During the project solution, 155 different publication outputs related to the project solution
were published. Of which 15 publications in peer-reviewed journals (7 SR + 8 foreign), 38
publications in peer-reviewed scientific journals (15 SR + 23 foreign), 50 publications in non-
peer-reviewed professional journals and proceedings (37 SR + 13 foreign), 1 monograph in
SR, 48 other publications (published in anthologies of abstracts and at conferences abroad
as well as publications prepared and accepted for publication) and 3 popularization
publications. The mentioned publications were cited in the SCI certified publications 44
times (6 SR + 38 foreign) and 22 in other types of publications (a detailed breakdown is
given in the reports Outputs and benefits of the project for the mentioned years of the
project solution).
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