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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 difficulties 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 systemes.

10. MauexiH, 1oKTOp TeXHIUHWX HayK, podecop,

3aBifyBay kadenpu GisugHUX OCHOB

€JIEKTPOHHOI TEeXHiKN,

10. Kypcbkunt, KaHaupar TeXHIYHUX HAVK, LOLEHT,

0. IIlpucuy, acuCTexrT,
XapKiBCbKUIL HalioHANbHUI
yHiBepCUTET paflioeneKTpoHikn

Y cmammi onucaHo Hosul iHCMpymMeHm aHani-
3y pe3ysibmamig 8UMIpIO8AHHSA OUHAMIYHUX 3MiHHUX
HeNHItHUX QUHaMIYHUX CUCMeM — nopmpem 8UMi-
pto8aHHsA. Moeo 3anposadxeHHs 3yMossieHo mpyo-
HOwamu, yacmo HenepebGOPHUMU, CKNAOAHHA pig-
HAHHS BUMIPIOBAHHA HENIHIUHUX OUHAMIYHUX 3MiH-
Hux. [Topmpem 8umipto8aHHs € 2pagidHum i 4ucso-
8UM 8i000paXEHHAM De3ysbmamie BUMIpIOBAHHs
OUHAMIYHUX 3MIHHUX. V020 3acmocysaHHs 00380-
JIA€ 00CA2MU BUCOKOI iH(hopmamusHocmi pe3ysb-
mamig 8UMipto8aHHA. AHAni3 nopmpema sumipio-
B8aHHSA 00360/1A€ BU3HAYUMU 368'A30K MiX CMaxHamu
OUHAMIYHUX 3MiHHUX 8 OKpeMi MOMeHMU 4Yacy ma
HU3KY iHWUX 8AX/IUBUX XAPAKMepUCMUK 00C/TioxXY-
8aHOI cucmemu.

Keywords: dynamic variables, nonlinear dynamic systems, measurement, characteristics, information.
Kniouoesi cnosa: duHamiuHi 3MiHHU, HeniHiliHi OUHAMIYHI cucmeMu, BUMIPIOBAHHS, XApaKMepucmuku,

iHopmamusHicme.

THE INTRODUCTION

he 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

Yu. Machekhm

A

Yu. Kurskoy

E. Prisich
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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)
X;,i=1...N or obtained (output quantity) ¥ after solv-
ing the measurement equation:

Y=f(X,,X,,...Xy). (1)
here /' — measurement function [11].

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

Y(6)= f{F[X, (1), X, 1)) 2}- (2)

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

e the values of N input quantities take the in-
tervals X™ < X, < X™. 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;

e the value of output quantity Y is characterized
by a series of values, filling in a complicated way an in-
terval Y, <Y <Y . 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 function F.
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 y, of the measured DV X, ()
just stay in a certain area. It means one of DVs (2).
If a phase portrait describing the behavior of DV lo-
catesin 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 X, (¢) values at any time located in the interval
of all possible values of X (¥):

Ui(Xi)=[Ximin’Ximm] . (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 U, (X;) (3) of all DV states X, (¢).

49
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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 X,
and N kinetic portraits of X, (¢). Each X, value is shown
like measurement estimates y, with corrections for all
known systematic sources of uncertainty and standard
uncertainty u, — (y, —u,, y, +u,),...(y, —u,,y, +u,).

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 A can be defined. The
Lyapunov exponent is a measure of stability (A <0)
or instability (A >0) DV dynamics. The attractor di-
mension M and forecasting horizon of DP dynamics
tr 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 X, measurement
results — x,(¢,),....x,(¢,) , here x,(¢,) — the result of X,
measurement at time t;

2. N series of measurement estimates y, with
corrections for all known

systematic sources

of uncertainty and

D —up y +u), (v, —u,, 3, +u,);

3. N values of all X, states measurement
uncertainties U,(X;) = (¥, min = Yimins Vimax T Uimax ) - ETE
Vimins Vimax — €stimates of maximum and minimum
measurement results, u;

4. The measurement Portrait;

5. N values of DV fractal dimension D;;

6. N+1 values of Shannon entropy H; for each
DV and whole NDS;

7. Lyapunov exponents A and the attractor
dimension M;

8. The forecasting horizon of DP dynamics t;.

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 reqular physical loads

standard uncertainty

u. — their uncertainties;

imax

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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ynMCTonap,i 2016 — 6epes3ni 2017 poxy mpo-
BOLWUTbCA 8-1i payHZA IepeBipku kBanidikauii
3a mporpamoto «®i3nKo-XiMiuHi IOKA3HUKU SAKOCTI
3epHay.

Vyacuukn — naboparopii miAMpPUEMCTB arporpo-
MWUCJIOBOTO KOMIUIEKCY YKpaiHu i iHui migmpuemcTsa,
nabopaTopii, AKi akpeauTOBaHi Ha BiAMOBiAHICTb BU-
moram JICTY ISO / IEC 17025 i BUKOHYIOTb BUSHAYEHHSA
MMOKa3HUKIB AKoCTi 3epHa. IlpoBaipep mepeBipkun —
OII «YKpmeTpTeCcTCTaHLAPTY.

3anikaBneHi opraHizauii MOXyTb B3ATW y4acTb
V payHAi 3 MeTOl IepeBipKU TOYHOCTL BUMipOBaHb

8- PAYHJ NEPEBIPKU KBAJNI®IKALII
3A NMPOrPAMOIO «PI3UKO-XIMIYHI NTOKA3HUKU AKOCTI 3EPHA»

Anpeca Omeparopa: 03680, M. Kuis, Byn. MeTponoriuta, 4,
III «YKpMeTpTeCcTCTaHLAPT,
Ten.: (044) 522 66 55
taxc: (044) 526 55 69
en. moumrra: m0975171847 @gmail.com
KonTaktHa ocoba: KobepHuk Martsiii BitaniioBuyu

(bi3nKo-XiMIYHUX TIOKA3HUKIB AKOCTI 3epHa Y CBOIiX na-
6opaTopinx.

Ins yyacti B payHAai HeobxigHo mopmaTu 3asB-
Ky opHWUM i3 3pyuyHuMX cmoco6iB (dakcom, mourToio,
€JIeKTPOHHO10 ITOLITO10).

3aaBku mpuitmatoTsca OmepaTopom mo 31.01.2017.

3paskn s KOHTPOJIIO TOYHOCTLI pe3y/bTaTiB BU-
Mip10BaHb i KOMIUIEKTU LOTOBIPHWUX [OKYMEHTIB Haj-
CWIATUMYTbC YYACHWUKAM BifNOBILHO [0 OTPUMAaHUX
OmepaTopa 3asaBOK.

BapricTb po6iT 3anexuTb Bif uncia KyAbTyp i Imo-
Ka3HUKIB AKOCTi, 00paHNX YIaCHUKOM PayHLY.
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