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Abstract. Based on modern computer technologies developed by National Instruments, a
virtual device for adjusting, controlling and studying various noise characteristics has been
developed. Signs helping identify the laws of random signal probability distribution are
smoothness or sharpen-ing, asymmetry and uncertainty. Examples of identification of noise
characteristics of elec-tronic devices are provided; instrument technologies are used to monitor
the technical condi-tion of such devices.

1. Introduction

The relevance of the problem of measurement of characteristics of random signals is due to the
complexity of choosing a random process model, technical implementation of the meter, sta-tionarity
and non-stationarity, ergodicity and non-ergodicity.

The object is the existing methods and technical tools designed to measure probabilistic charac-
teristics of random signals.

The methods for determining probabilistic characteristics of random signals are very diverse. They
are based on the display of an indicator of the probability density distribution curve and determination
of the distribution law, characteristics of the position and dispersion. Existing methods for measuring
characteristics of random signals do not ensure operational control of smoothness, sharpening,
asymmetry and uncertainty, as well as identification of the distribution law.

The scope of the meter is regulation, control and research of radio electronic devices accord-ing to
noise characteristics and taking into account metrological requirements; these measuring instruments
can be used in various industries. Therefore, the operational measurement of proba-bilistic
characteristics of random signals taking into account metrological requirements is an ur-gent task.

He I/ICHOJ’IBBYﬁTC CHOCKH U MHTCPAKTHUBHBLIC CCBUIKU.

2. Purpose of research

The purpose is to develop hardware and software for measuring probabilistic characteristics of random
signals using computer technologies of virtual instruments developed by National In-struments (NI).
The paper studies the procedure for identifying distribution laws using a priori and a posteriori
information on the second, third and fourth order moments, characteristics of uncertainty, creates a
working model and determines the scope of its application.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
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3. Materials and methods

To determine the type of the law of distribution of random signals, it is necessary to establish signs or
criteria by which the laws of distribution of random signals are identified. Distributions are quite
diverse: limited or unlimited; with a flat top or round, with or round [1, 2, 3, 4, 5, 6].

J. Kendal and A. Stuart classified distributions into five types: symmetric single-mode; symmetric
two-mode; oblique; extremely short; other [4].

Mathematical models and hardware for measuring the characteristics of random signals are
discussed in [1, 3, 7, 8, 9, 10, 11, 12, 13]. The problem of measuring probabilistic characteristics of
random signals which make them inaccurate is a limited observation time [12, 13, 14, 15].

For classification and determining a form of the distribution of random signals, it is necessary to
select identification signs that would show the mutual proximity or distance of the distributions and
could be quantified [4, 7].

As a smoothness or aggravation of the distribution curve near its mode [2], an excess is used:

_ My
€= (1)
2
+00 +00
where p, = J.X4 xp(x)dx, U, = IXZ x P(X)dX central moments of the fourth and second order;

x is the value of the random signal; p(x) — the random distribution law.
The excess for various distributions varies infinitely from 1 to +00), therefore the excess is
uncomfortable. Therefore, we will perform its nonlinear transformation into a counter-excess value:

1
=— 2
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The counterexcess for any distributions is in the range from 0 (e=) to 1 (¢=x). Therefore, as the
first sign of identification of distributions, we take the value of counterexcess .

An analysis of the results of calculations in the Mathcad showed that the counterexcess values for
symmetric distributions range from 0.68 to 0.73 for trapezoidal distributions, from 0.67 to 0.882 for
arcsinusoidal distributions, from 0.05 to 0.71 for exponential two-sided distributions and in
significantly overlap in the area of flat-top and peaked distributions.

For asymmetric distributions, the counterexcess value ranges from 0.628 to 0.655 for the Beta
distribution, from 0.327 to 0.493 for the Gamma distribution, from 0.532 to 0.621 for the Nakagami
distribution, from 0.481 to 0.634 for the Rayleigh distribution.

The entropy coefficient [4] whose value is determined by the formula, is used as the second
independent sign which characterizes the distribution form.

A
K=—, 3)

(¢

where A = % -xeXp(H (x)) — the random signal entropy value;

o — the standard deviation of a random signal;

H{(x) — random signal entropy.

The entropy of a random signal is a measure of its uncertainty, it depends on the type of
distribution and is determined by formula:

+o0
H(x) =~ [ p(x)xIn p(x)dx. )
For the most common symmetric distributions, the value of the entropy coefficient varies from 1.83
to 2.00 for trapezoidal distributions, from 1.11 to 1.88 for arcsinusoidal distributions, from 0.09 to
1.87 for exponential two-sided distributions, from 0.35 to 1.12 for antimodal distributions. The values
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of the entropy coefficient for symmetric distributions overlap in the areas of flat-top and sharp-top
distributions.

For asymmetric distributions, the entropy coefficient ranges from 3.268 to 3.458 for the Beta
distribution, from 1.318 to 2.22 for the Gamma distribution, from 1.317 to 1.435 for the Nakagami
distribution, and from 1.288 to 2.409 for the Rayleigh distribution.

As the third feature characteristic of the asymmetry of the distribution curve relative [2] is the
asymmetry determined by formula:

S M3

=3 (5

where i, = I x®x p(x)dx — the third central moment.

Symmetric distributions have an asymmetry equal to zero. For asymmetric distributions, the
asymmetry ranges from -0.51 to -0.071 for the Beta distribution, from 1.564 to 2.988 for the Gamma
distribution, from 1.574 to 1.645 for the Nakagami distribution, from 0.518 to 2.015 for the Rayleigh
distribution.

Thus, when using the counterexcess and the entropy coefficient as identification signs
characterizing the form and type of distributions, the image point (or some area) with coordinates y
and K will always be within the rectangle limited by the values of the entropy coefficient and
counterexcess.

Studies have shown that the form of the density curve for asymmetric distributions depends on the
shape and scale parameters which have a functional dependence on the counterexcess, the entropy
coefficient, and the asymmetry.

The form of the Beta distribution density curve is sensitive to the asymmetry. The mathematical
model of the functional dependence of parameter o () with shape index =3 (a = 3) is as follows:

a=3xexp(-1.39xS) (6)

B=3xexp(l.39 xS) (7

For the Nakagami distribution in the range of asymmetry changes from 1.574 to 1.645, the shape of

the distribution density curve is sensitive to the counterexcess. The mathematical model of the

functional dependence of shape parameter a on the counterexcess value with scale parameter f = 1 is
as follows:

o =30.394 —127.987 x y +135.135 x ®)

Thus, after determining the type of asymmetric distribution according to three classification
criteria, shape and scale parameters, it is possible to establish a specific type of asymmetric
distribution.

4. Experimental results and discussion
The studies were carried out in the NI LabVIEW 2012 using real-noise recordings of electronic
devices [16, 17, 18].
To conduct experimental studies, a virtual meter (VM) of probability characteristics was designed.
Its structural diagram is shown in Fig. 1, and the appearance of the front panel (LP) is shown in Fig. 2.
The meter contains a normalizing amplifier (NA) - 1; a channel for measuring the mean square
value (RMS MCH) - 2; an asymmetry measurement channel (A MCH) - 3; a channel for measuring
the probability distribution density and the entropy coefficient (MCH PD and EC) - 4; a measuring
channel for the counterexcess (MCH CA) - 5; a channel for measuring the parameters of the
distribution form (MCH DCH) - 6; a decision making unit (DB) - 7; an indicator (I) - 8.
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Experimental and metrological studies of measuring probabilistic characteristics of random signals
and identifying the type of distribution were carried out and verified by semi-natural modeling using
real-life recordings of radio electronic devices (Table).

1 — 2 RMS MCH | > 7 g
¥
—>| 3 AMCH } >
¥
NA || DB I
O—> > 4 MCH PD and EC | » >
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Figure 1. VM of probabilistic characteristics. Structural scheme.
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Figure 2. VM of probabilistic characteristics. The VM FP fragment.

Measurementcode

R PR el i ol o i (b ol Mo o o]

The VM identifies the following types of symmetric distributions: uniform, triangular,
arcsinusoidal-I, II, III, trapezoidal-1, II, III, antimodal-I, II, two-way exponential with a power factor
of 1/4 to 7, Laplace and normal, asymmetric - Beta, Nakagami, Rayleigh, Gamma. The indicator
displays a graph of the distribution curve, as well as information about the type and parameters of the
distribution.

5. Conclusion

Probability characteristics meter allows for identification of 16 types of symmetric distributions, 5
types of asymmetric distributions, and 7 parameters. The probability of distribution identification is
0.95, the accuracy of parameters measurement is = 1%. Accuracy of measurement and identification of
the type of distribution increases with increasing time of observation of a random signal. The results
establish a relationship between the results of measurements and identification in the data of the
probabilistic characteristics meter and the real probabilistic characteristics of noise.
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Oscillogram of the random signal and density distribution curve
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Figure 3. Experimental studies of random signals
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