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The article describes the preliminary stage of the optimal dynamic measurement

problem. Namely, an algorithm for constructing observation values based on the values

obtained during the experiment is given. We assume that the experimental data can be

affected by various types of interference, including ≪white noise≫, which is understood as a

derivative of Nelson – Gliklikh from the Wiener process. To construct the observation values,

a priori information about the form of the function describing the observation values is used.

The article consists of two parts. The first part contains an algorithm for constructing the

observations values. And in the second part, the results of computational experiments are

presented.

Keywords: useful part of the signal; convex up function; statistical hypothesis.

Introduction

The study of the optimal dynamic measurement problem [1, 2] is based on the search
for the penalty functional optimum for the norm of the difference between real observation
and virtual one. By the real observation we mean a values based on data obtained
during a full-scale experiment. And by virtual observation we mean data obtained using a
computational algorithm [3]. This optimum is declared an optimal dynamic measurement.
To date, within the framework of the optimal dynamic measurements theory [1, 2, 3], cases
have been investigated when the measurement is distorted by the inertia of the measuring
device [4], resonances in its circuits [5] or its degradation [6]. The article [7] considers a
model that takes into account the distortion of measurement by all three interferences
simultaneously. However, due to the fact that the basis for solving this problem is the
theory of optimal control by solutions of Leontief type equations [8], then real and virtual
observation should be sufficiently smooth functions. And if for the virtual observation
this means choosing the type of this function, then for the real observation it is rarely
possible without preprocessing the data [9]. This leads to interest in the preliminary stage
of the optimal dynamic measurement problem, which we call the stage of constructing
observations from distorted data.

Let’s consider the results of real observations distorted by interference, i.e. we will
assume that they have the form

η(t) = ye(t) + ν(t),

where ye(t) is the useful part of observations and ν(t) is the distort part of measurements.
Unlike the case discussed in [10], this article assumes that the noises can be different. For
the sake of certainty, we have considered two cases. The first one is the case of the normal
distribution of interference, i.e. ν(t) is a Wiener process. And the second one is the case of
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ν(t) is a ≪white noise≫ [7], which is understood as a derivative of Nelson –Gliklikh [11, 12]
from the Wiener process. When constructing the reconstructed values, we assume that
the useful part of the signal is described by a smooth convex up function with a single
maximum.

1. The Algorithm of Constructing the Useful Part of Observation

Suppose that, as a result of an experiment, we simultaneously observe variables
characterizing the observed process at time interval [a, b], a > 0. This interval has
a sampling frequency of N , i.e. {tj : j ∈ I}, I = {0, 1, . . . , N}, t0 = a, tN = b. As a
result of such observations, we obtain η(tj) (j = 0, N). In addition, we know a priori
information about the useful part of observed variable η(t). Namely, the useful part of the
signal is described by a smooth upward convex function with a single maximum. However,
due to the influence of random noise, the observed variables {η(tj)}

N
j=0 do not have these

properties. Taking in account these assumptions there is the algorithm of constructing the
useful part of observation distorted by Wiener process or ≪white noise≫ (see Fig. 1).

Fig. 1. Algorithm of constructing the useful part of observation

Let the shape of the useful signal depend on the parameter k ∈ I, which indicates
the position of the maximum point. We find with a given probability γ an estimate of the
parameter k0 from the measured signal

η(t) = ye(t) + ν(t), ye ∈ Vk0, ∀t ∈ [t0; tN ], (1)

where ν(t) is a Wiener process or ≪white noise≫ [7]. That is, we assume that at the useful
component of the signal ye(t) has a maximum in the point k0 of a uniform grid, i.e. ye ∈ Vk0.
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Here

Vk =







f ∈ C[t0, tN ] :
2f(tj) ≥ f(tj−1) + f(tj+1), j = 1, N − 1,

f(tj) ≤ f(tj+1), j = 0, k − 1,

f(tj) ≥ f(tj+1), j = k,N − 1







. (2)

is a class of functions of upward convex functions with a single maximum at the point tk,
which are defined on a uniform grid {tj}

N
j=0.

Based on the results of [7], to estimate the parameter k0 ∈ I, we use either the
statistics τk from [13] for the Wiener process ν(t), or the statistics τk from [10] for ≪white
noise≫ ν(t). The value of the constructed statistics is used to find the value of the parameter
k, at which the useful part of the signal (1) is closest in shape with its projection on the
set of functions (2). The problem of constructing the values of observations on a uniform
grid {tj}

N
j=0 is considered as the problem of the best approximation by elements of the set

Vk from (2) and its solution is given in [7].
The steps of the algorithm in Fig. 1 for interference ν(t) in the form of ≪white noise≫ are

described in [10]. For the Wiener process in this algorithm, the calculation formulas of 2 and
5 blocks are changed to the standard [13], and in 8 block, the need for data transformation
disappears.

Fig. 2. Graphs of the noisy signal (grey line) and

the reconstructed signal (black line)

2. The Computational Experiments

This algorithm was implemented in C++. The input data is a file with information
about the interval [a, b], its sampling frequency N , the values of observations {ηj}

N
j=0,

where we understand ηj = η(tj) (j = 0, N). The program calculates an array of points
{tj}

N
j=0 and then according to the algorithm. The output data is a file containing an array

{yj = ye(tj)}
N
j=0.

Here are the results of the program.

Example 1. Let a = 0, b = 2, N = 20 and the results of observations are distorted by
≪white noise≫. The application of the algorithm gives the values, the graphs of which are
shown in Fig. 2 and Fig. 3.
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Fig. 3. Graphs of the original signal (black dotted line)

and the reconstructed signal (gray solid line)

Fig. 4. Graphs of the noisy signal (grey line) and

the reconstructed signal (black line)

On the graph, you can see that at the beginning of the interval the large bursts give
worse values of the restored observation than at the end of the interval.

Example 2. Let a = 0, b = 2, N = 200 and the results of observations are distorted by
Wiener process. The application of the algorithm gives the values, the graphs of which are
shown in Fig. 4 and Fig. 5.

This example illustrates that as the sampling rate increases, we get smoother data.
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Fig. 5. Graphs of the original signal (black dotted line) and

the reconstructed signal (gray solid line)

Conclusion

In the future, we plan to expand the class of functions describing the useful
part of the signal. In addition, the described procedure will be used in the analysis
of the dynamics of the solar activity [14].

This work was supported by the Ministry of Science and Higher Education of the
Russian Federation (grant №FENU-2020-0022 (2020072ГЗ)).

References

1. Shestakov A.L., Sviridyuk G.A., Keller A.V. The Theory of Optimal Measurements.
Journal of Computational and Engineering Mathematics, 2014, vol. 1, no. 1, pp. 3–15.

2. Shestakov A.L., Sviridyuk G.A., Keller A.V. Optimal Measurements. XXI IMEKO
World Congress ≪Measurement in Research and Industry≫, 2015, article ID 116100.

3. Shestakov A.L., Keller A.V., Zamyshlyaeva A.A., Manakova N.A., Zagrebina S.A.,
Sviridyuk G.A. The Optimal Measurements Theory as a New Paradigm
in the Mertology. Journal of Computational and Engineering Mathematics, 2020,
vol. 7, no. 1, pp. 3–23. DOI: 10.14529/jcem200101

4. Shestakov A.L., Keller A.V., Nazarova E.I. Numerical Solution of the Optimal
Measurement Problem. Automation and Remote Control, 2012, vol. 73, no. 1,
pp. 97–104. DOI: 10.1134/S0005117912010079

5. Keller A.V., Shestakov A.L., Sviridyuk G.A., Khudyakov Y.V. The Numerical
Algorithms for the Measurement of the Deterministic and Stochastic Signals.

2021, vol. 8, no. 4 13



M. A. Sagadeeva, O. V. Mitin

Springer Proceedings in Mathematics and Statistics, vol. 113, 2015, pp. 183–195.
DOI: 10.1007/978-3-319-12145-1_11

6. Sagadeeva M. On Nonstationary Optimal Measurement Problem for the Measuring
Transducer Model. 2nd International Conference on Industrial Engineering,
Applications and Manufacturing (ICIEAM–2016), 2016, article ID 7911710. DOI:
10.1109/ICIEAM.2016.7911710

7. Sagadeeva M.A. Reconstruction of Observation from Distorted Data for the Optimal
Dynamic Measurement Problem. Bulletin of the South Ural State University. Series:
Mathematical Modelling, Programming and Computer Software, 2019, vol. 12, no. 2,
pp. 82–96. DOI: 10.14529/mmp190207 (in Russian)

8. Keller A.V. On the Computational Efficiency of the Algorithm of the Numerical
Solution of Optimal Control Problems for Models of Leontieff Type. Journal
of Computational and Engineering Mathematics, 2015, vol. 2, no. 2, pp. 39–59.
DOI: 10.14529/jcem150205

9. Pyt’ev Yu.P., Chulichkov A.I. [Methods of Morphological Analysis of Pictures].
FizMatLit, Moscow, 2010. (in Russian)

10. Sagadeeva M.A., Bychkov E.V., Tsyplenkova O.N. The Pyt’ev – Chulichkov Method
for Constructing a Measurement in the Shestakov – Sviridyuk Model. Bulletin of
the South Ural State University. Series: Mathematical Modelling, Programming and
Computer Software, 2020, vol. 13, no. 4, pp. 81–93. DOI: 10.14529/mmp200407

11. Nelson E. Dynamical Theories of Brownian Motion. Princeton, Princeton University
Press, 1967.

12. Gliklikh Yu.E. Global and Stochastic Analysis with Applications to Mathematical
Physics. Springer, London; Dordrecht; Heidelberg; N.-Y., 2011.

13. Demin D.S., Chulichkov A.I. Filtering of Monotonic Convex Noise-Distorted Signals
and Estimates of Positions of Special Points. Fundamentalnaya i Prikladnaya
Matematika, 2009, vol. 15, no. 6, pp. 15–31. (in Russian)

14. Mitin O.V., Sagadeeva M.A., Zagrebina S.A. Investigation of the Applicability
of the Deep Convolutional Network Apparatus for Predicting Time Series of
Fast-Flowing Energy-Intensive Processes of the Planet Earth. [South Ural Youth
School of Mathematical Modeling – Yuzhno-Ural’skaya molodezhnaya shkola po
matematicheskomu modelirovaniyu], Abstract Collection of IV All-Russian Scientific
and Practical Conference. Publish Center of SUSU, Chelyabinsk, 2021, pp. 123–129.
(in Russian)

Minzilia A. Sagadeeva, PhD(Math), Associate Professor, Department of Mathematical
and Computational Modelling, South Ural State University (Chelyabinsk, Russian
Federation), sagadeevama@susu.ru

Oleg V. Mitin, Graduate Student, Department of Mathematical and Computational
Modelling, South Ural State University (Chelyabinsk, Russian Federation),
seredinamira@gmail.com

Received October 10, 2021

14 Journal of Computational and Engineering Mathematics



ENGINEERING MATHEMATICS

УДК 519.254 DOI: 10.14529/jcem210402

ПОСТРОЕНИЕ НАБЛЮДЕНИЙ ПО ДАННЫМ,
ИСКАЖЕННЫМ ПОМЕХАМИ РАЗНОГО ВИДА

М.А. Сагадеева, O.В. Митин

В статье описывается предварительный этап задачи оптимального динамического

измерения. А именно, приведен алгоритм построения значений наблюдения по значе-

ниям полученным в ходе эксперимента, которые предполагаются искаженными неко-

торыми случайными воздействиями. Предполагается, что на экспериментальные дан-

ные могут воздействовать помехи разного вида, в том числе ≪белый шум≫, который

понимается как производная Нельсона – Гликлиха от винеровского процесса. Для по-

строения значений наблюдения используется априорная информация о форме функ-

ции, описывающей значения наблюдения. Статья состоит из двух частей. Первая часть

содержит алгоритм построения значений наблюдений. А во второй части приведены

результаты вычислительных экспериментов.

Ключевые слова: полезная часть сигнала; выпуклая вверх функция; статисти-

ческая гипотеза.

Литература

1. Shestakov, A.L. The Theory of Optimal Measurements / A.L. Shestakov,
G.A. Sviridyuk, A.V. Keller // Journal of Computational and Engineering
Mathematics. – 2014. – V. 1, № 1. – P. 3–15.

2. Shestakov, A.L. Optimal measurements / A.L. Shestakov, G.A. Sviridyuk,
A.V. Keller // XXI IMEKO World Congress ≪Measurement in Research and
Industry≫. – 2015. – A/N 116100.

3. Shestakov, A.L. The Optimal Measurements Theory as a New Paradigm
in the Mertology / A.L. Shestakov, A.V. Keller, A.A. Zamyshlyaeva, N.A. Manakova,
S.A. Zagrebina, G.A. Sviridyuk // Journal of Computational and Engineering
Mathematics. – 2020. – V. 7, № 1. – P. 3–23.

4. Шестаков, А.Л. Численное решение задачи оптимального измерения / А.Л. Ше-
стаков, А.В. Келлер, Е.И. Назарова // Автоматика и телемеханика. – 2012. –
№ 1. – С. 107–115.

5. Keller, A.V. The Numerical Algorithms for the Measurement of the Deterministic and
Stochastic Signals / A.V. Keller, A.L. Shestakov, G.A. Sviridyuk, Y.V. Khudyakov //
Springer Proceedings in Mathematics and Statistics. V. 113. – 2015. – P. 183–195.

6. Sagadeeva, M. On Nonstationary Optimal Measurement Problem for the Measuring
Transducer Model / M. Sagadeeva // 2nd International Conference on
Industrial Engineering, Applications and Manufacturing (ICIEAM–2016). – 2016. –
A/N 7911710.

7. Сагадеева, М.А. Построение наблюдения для задачи оптимального динамическо-
го измерения по искаженным данным / М.А. Сагадеева // Вестник ЮУрГУ. Се-
рия: Математическое моделирование и программирование. – 2019. – Т. 12, № 2. –
С. 82–96.

2021, vol. 8, no. 4 15



M. A. Sagadeeva, O. V. Mitin

8. Keller, A.V. On the Computational Efficiency of the Algorithm of the Numerical
Solution of Optimal Control Problems for Models of Leontieff type / A.V. Keller //
Journal of Computational and Engineering Mathematics. – 2015. – V. 2, № 2. –
P. 39–59.

9. Пытьев, Ю.П. Методы морфологического анализа изображений / Ю.П. Пытьев,
А.И. Чуличков. – М.: Физматлит, 2010.

10. Sagadeeva, M.A. The Pyt’ev – Chulichkov Method for Constructing a Measurement
in the Shestakov – Sviridyuk Model / M.A. Sagadeeva, E.V. Bychkov,
O.N. Tsyplenkova // Вестник ЮУрГУ. Серия: Математическое моделирование
и программирование. – 2020. – Т. 13, № 4. – С. 81–93.

11. Nelson, E. Dynamical Theories of Brownian Motion / E. Nelson. – Princeton:
Princeton University Press, 1967.

12. Gliklikh, Yu.E. Global and Stochastic Analysis with Applications to Mathematical
Physics / Yu.E. Gliklikh. – London; Dordrecht; Heidelberg; N.-Y.: Springer, 2011.

13. Демин, Д.С. Фильтрация монотонных выпуклых сигналов, искаженных шумом,
и оценка положения особых точек / Д.С. Демин, А.И. Чуличков // Фундамен-
тальная и прикладная математика. – 2009. – Т. 15, № 6. – С. 15–31.

14. Митин, О.В. Исследование применимости аппарата глубоких сверточных сетей
для прогнозирования временных рядов быстропротекающих энергоемких процес-
сов планеты Земля / О.В. Митин, М.А. Сагадеева, C.A. Загребина // Южно-
Уральская молодежная школа по математическому моделированию: сб. тр. IV
Всеросс. студ. науч.-практ. конф. – Челябинск: Издательский центр ЮУрГУ,
2021. – С. 123–129.

Сагадеева Минзиля Алмасовна, кандидат физико-математических наук, до-
цент, доцент кафедры математического и компьютерного моделирования, Южно-
Уральский государственный университет (г. Челябинск, Российская Федерация),
sagadeevama@susu.ru

Митин Олег Вячеславович, магистрант, кафедра математического и компью-
терного моделирования, Южно-Уральский государственный университет (г. Челя-
бинск, Российская Федерация), seredinamira@gmail.com

Поступила в редакцию 10 октября 2021 г.

16 Journal of Computational and Engineering Mathematics


