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THE MEASUREMENT THE MEASUREMENT 
PORTRAIT OF DYNAMIC PORTRAIT OF DYNAMIC 
VARIABLESVARIABLES

ПОРТРЕТ ВИМІРЮВАННЯПОРТРЕТ ВИМІРЮВАННЯ

ДИНАМІЧНИХ ЗМІННИХДИНАМІЧНИХ ЗМІННИХ

THE INTRODUCTION

The World Metrology Day 2016 was held with the slogan «Measurements in a dy-
namic world» [1]. The Message from International bureau of weights and measures 

(BIPM) and International organisation for legal metrology (OIML) talks about the re-
searchers’ understanding of the necessity of further development of the dynamic meas-
urements theory and practice.

The authoritative works about dynamic measurements are the works of V.A. 
Granovsky [2]. The analysis of recent publications shows that the shpere of dynamic 
measurements, along with measurements of speed, flow, temperature, has measurement 
of the human parameters (physical and emotional states), society, biological population, 
climate and resources parameters [3, 4]. In this case the most of authors consider the 
measurement object as the quantities (physical, chemical and biological) which values 
vary in the linear or linearized law or in random way. But the fundamental researches 
of the recent decades have shown that it is an idealistic approach, and it is correct for 
a limited number of real dynamic systems only [5]. During the measurement of values, 
that characterize the real dynamic open systems, the peculiarities of their behavior 
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The measurement portrait, like a new measure-
ment results analysis tool for dynamic variables of 
nonlinear dynamic systems, is describes in this ar-
ticle. It is proposed because of often insurmount-
able diffi  culties with the formulation of the meas-
urement equation of nonlinear dynamic variables. 
The measurement portrait is a graphical and nu-
merical display of the dynamic variables measure-
ment results. Its application allows us to achieve the 
high information content of the measurement re-
sults. An analysis of the measurement portrait al-
lows to determine the connection between the dy-
namic variables at any time points and a number 
of other important characteristics of the nonlinear 
dynamic systems.

У статті описано новий інструмент аналі-
зу результатів вимірювання динамічних змінних 
нелінійних динамічних систем — портрет вимі-
рювання. Його запровадження зумовлено труд-
нощами, часто непереборними, складання рів-
няння вимірювання нелінійних динамічних змін-
них. Портрет вимірювання є графічним і число-
вим відображенням результатів вимірювання 
динамічних змінних. Його застосування дозво-
ляє досягти високої інформативності резуль-
татів вимірювання. Аналіз портрета вимірю-
вання дозволяє визначити зв’язок між станами 
динамічних змінних в окремі моменти часу та 
низку інших важливих характеристик досліджу-
ваної системи.

УДК 53.088.23

E. Prisich

Yu. Kurskoy

Yu. Machekhin

Keywords: dynamic variables, nonlinear dynamic systems, measurement, characteristics, information.
Ключові слова: динамічні змінни, нелінійні динамічні системи, вимірювання, характеристики, 
інформативність.
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(nonlinearity, randomness, strong dependence on ex-
ternal influences), should be taken into account.

Previously the authors published a monograph [6] and 
several articles [7—9], containing the results of research 
a question about a measurement of the dynamic variables 
(DV) of nonlinear dynamical systems (NDS) with complex 
behavior. The universal measurement approaches, meas-
urement model and measurement results analysis model 
and the special analysis tools were proposed. They are 
based on the researches of real NDS (laser, ocean, climate, 
biological population, and a biological object). The pur-
pose of this work is the introduction of the measurement 
portrait that is the new tool for measurement results anal-
ysis for dynamic variables of nonlinear dynamic systems.

Is it impossible to create a measurement 

equation? 

For substantiation of the measurement portrait in-
troduction let’s consider the task of creation a DV meas-
urement equation. It is a key step of a measurement 
uncertainty procedure [10]. The object of measurement 
is a hypothetical NDS, that characterized by a number 
DV. The DVs’ values can be measured (input quantities) 

 or obtained (output quantity)  after solv-
ing the measurement equation:
 . (1)
here  — measurement function [11].

For NDS the values of input quantities  change 
in time. In this case, the input and output quanti-
ties can demonstrate as linear so non-linear dynam-
ic   , here  — 
an initial moment of time,  — a evolution function. 
If we know an evolution function we are able to pre-
dict the values of  at any time moment. In that 
way the measurement equation (1) can be represented 
in the next complex form:
 . (2)

Let’s consider the feature of NDS that we have 
to take into account during a creation of the meas-
urement equation (2):

• the values of  input quantities take the in-
tervals . These input quantities can-
not be represented by the random variables. As a rule, 
they are interrelated and subjected to outside influ-
ence, even weak fluctuations;

• the value of output quantity  is characterized 
by a series of values, filling in a complicated way an in-
terval   . Thus, as the output quantity so the 
input quantities are represented as an interval values;

• the dynamics of DV is complex, so we can’t say 
a priori that the input quantities and the output quan-
tity have a canonical distribution;

• a key element of Classical measurement theo-
ry — Ergodic hypothesis — in the case of NDS with 
chaotic behavior is not confirmed. The Central limit 
theorem fails [14].

So if we want to create the measurement equa-
tion (2) we have to solve a complex mathematical task 
about finding of a nonlinear evolution func tion . 
Actually it is about the mathematical modeling 
of a system. Note that examples of successful simu-
lations of real nonlinear systems are usually related 
to autonomous NDS that are not subject to external 
influences and noise [12]. In practice researchers have 
deals with non-autonomous dissipative NDS. Such 
systems can be analytically described in rare cases. 
The strange attractors showing the progress of NDS 
in a chaos state, in most cases, cannot be described 
analytically, only in numerically way [13].

We are able to create a measurement equation 
if a system is stable according to Lyapunov only [14]. 
If two any trajectories of the system phase portrait 
remain close at any following time, the trajectories 
stable by Lyapunov. In this case, the system can 
be described by differential equations that are cor-
rect at any time. The point is one of the properties 
of chaos is the exponential divergence of phase tra-
jectories. So at some time the condition of perma-
nent their closeness is broken. The system becomes 
unstable according to Lyapunov and cannot be de-
scribed by measurement equation. Those we have 
a task to create an alternative tool that can be cor-
rect used for analysis of the NDS DV measurement 
results.

The measurement portrait

In Dynamical systems theory, along with stabil-
ity by Lyapunov, stability by Lagrange is used [14]. 
It requires that all values  of the measured DV  
just stay in a certain area. It means one of DVs (2). 
If a phase portrait describing the behavior of DV lo-
cates in a limited area of space, we can say that the sys-
tem is stable by Lagrange. The phase portrait of cha-
otic dissipative NDS, as a rule, is a strange attractor. 
The presence of a strange attractor allows us to affirm 
about the sustainability of NDS by Lagrange. It means 
that DV  values at any time located in the interval 
of all possible values of :
   . (3)

Thus, the instability by Lyapunov doesn’t allow 
to describe real NDS by the measurement equation (2), 
but the stability by Lagrange allows to compile the 
phase portrait of the system given the measurement 
uncertainty  (3) of all DV states . 
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For assuring the principle of maximum informa-
tion value of the measurement results for NDS should 
be offered the special tools for the measurement re-
sults analysis. In the framework of the new measure-
ment of nonlinear dynamic variables theory (Nonlinear 
Metrology) [6] for the measurement results analyze, 
determination the output values, forecasting of their 
future values, it is proposed to use the measurement 
portrait.

The measurement portrait is a graphical and nu-
merical imaging of DV measurement results, represent-
ing the advanced phase portrait of N measured DV  
and N kinetic portraits of . Each  value is shown 
like measurement estimates  with corrections for all 
known systematic sources of uncertainty and standard 
uncertainty  — .

The proposed visualization of the measurement re-
sults allows us to obtain additional information about 
the system. The portrait analysis allows to calculate 
the fractal dimension of individual DV. It is possible 
to draw conclusions about the DVs dynamic and a com-
munication of their values without analytic solutions 
of the original equations system. The points of bifur-
cation, and Lyapunov exponents  can be defined. The 
Lyapunov exponent is a measure of stability ( ) 
or instability ( ) DV dynamics. The attractor di-
mension M and forecasting horizon of DP dynamics 
tf can be determined too [13].

The measurement portrait for DV complements 
the proposed measurement model and measurement 
results analysis model [6-8]. Therefore the results 
of DV measurements contains of the next elements:

1. N time series of DV  measurement 
results —   , here  — the result of  
measurement at time   ;

2. N series of measurement estimates  with 
corrections for all known systematic sources 

of uncertainty and standard uncertainty  
;

3. N values of all  states measurement 
uncertainties   , here 

 — estimates of maximum and minimum 
measurement results,  — their uncertainties; 

4. The measurement Portrait;
5. N values of DV fractal dimension Di;
6. N+1 values of Shannon entropy Hi for each 

DV and whole NDS;
7. Lyapunov exponents  and the attractor 

dimension M;
8. The forecasting horizon of DP dynamics tf .
For long-term monitoring of NDS, for example, 

when we measure the state of human health the meas-
urement results should be supplemented with the tem-
porary and entropy scales [16].

The next publication will contain the results 
of proposed measurement models and tools applying 
for analysis of results that were obtained during meas-
uring of the physical condition of a person that was 
exposed by regular physical loads

The Conclusions

The measurement portrait, like a new measurement 
results analysis tool for dynamic variables of nonlinear 
dynamic systems, is described. It is proposed because 
of often insurmountable difficulties with the formula-
tion of the measurement equation of nonlinear dynamic 
variables. The measurement portrait is a graphical and 
numerical display of the dynamic variables measure-
ment results. Its application allows us to achieve the 
high information content of the measurement results. 
An analysis of the measurement portrait allows us to de-
termine the connection between the dynamic variables 
at any time points and a number of other important 
characteristics of the nonlinear dynamic systems.
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У листопаді 2016 — березні 2017 року про-
водиться 8-й раунд перевірки кваліфікації 

за програмою «Фізико-хімічні показники якості 
зерна».

Учасники — лабораторії підприємств агропро-
мислового комплексу України й інші підприємства, 
лабораторії, які акредитовані на відповідність ви-
могам ДСТУ ISO / IEC 17025 і виконують визначення 
показників якості зерна. Провайдер перевірки — 
ДП «Укрметртестстандарт».

Зацікавлені організації можуть взяти участь 
у раунді з метою перевірки точності вимірювань 

фізико-хімічних показників якості зерна у своїх ла-
бораторіях.

Для участі в раунді необхідно подати заяв-
ку одним із зручних способів (факсом, поштою, 
електрон ною поштою).

Заявки приймаються Оператором до 31.01.2017.
Зразки для контролю точності результатів ви-

мірювань і комплекти договірних документів над-
силатимуться учасникам відповідно до отриманих 
Оператора заявок.

Вартість робіт залежить від числа культур і по-
казників якості, обраних учасником раунду.
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