18 THE REPORTS OF NATIONAL ACADEMY OF SCIENCES OF AZERBAIJAN, 2016, VOLUME LXXII, Ne1

UDC 519.216

DIGITAL ALGORITHMS FOR CALCULATING THE DIFFERENTIAL FUNCTION OF
NORMAL DISTRIBUTION OF NOISE

Academician of ANAS T.A.Alievl, N.F.Musaevaz, M.T.Suleymanoval, B.L.Gazizade'

The authors develop digital algorithms for calculating the differential function of noise distri-
bution, discussing the case when the noise obeys the normal distribution law.
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Introduction

It is known that noise, which is an extra-
neous disturbance in systems of tracking, moni-
toring, control, diagnostics, forecasting, identi-
fication, management, etc., obstructs correct re-
ception of the main useful signal. Noise masks
and distorts the useful signal, impeding its de-
tection. Therefore, the most important indicator
of successful functioning of said systems is
their noise resistance, by which we understand
the ability of a system to resist obstructive ef-
fects of noise. There are many noise control
methods, such as shielding, grounding, balancing,
filtering, isolation, separation and orienta-
tion, circuit impedance level control, cable
design, cancellation (frequency or time do-
main), etc. [1].

However, noises can be caused by vari-
ous factors. Distortions of useful signals in-
duced by such destabilizing factors as defects,
wear and tear, corrosion, cracks, breaks and
other malfunction of equipment, structure, en-
gine, mechanism, etc. are also classified as
noises [2]. In that case, not suppression of noise
but its separation from the total of the regis-
tered signals and calculation of its probabilistic
characteristics will allow one to obtain useful
information on the nature of the noise and de-
tect the initial stage of defect origin.

The additive noise E(¢) that emerges due
to defect origin is superimposed on the useful
signal X (t):

G(t)=X(r)+E(r). (1)
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To carry out quantitative calculations of
the effects of noise on the signal, one needs to
know the main probabilistic characteristics of
noise [3, 19-27; 44-55]. The authors of [4-6]
developed methods for calculating some of the
characteristics of noise of noisy signals, such as
variance, mean square deviation. However, this
information alone is not sufficient for solving
the described problems, as such main character-
istic of the random noise as the differential
function of distribution remains unknown. Pro-
posed below are digital algorithms for calculat-
ing the differential function of distribution of
noise of the noisy signal G(t) for the case when
E(t) obeys the normal law.

Problem statement. Let us assume that
the stationary ergodic random signal G(t) with
the distribution law f (g) consists of the sum of
the stationary ergodic random main signal X (t)
with the arbitrary distribution law f (x) and the
stationary ergodic random interfering sig-
nal E(t) with a zero mathematical expectation
m,=0 and the normal distribution law, i.e. G(¢)
can be represented as (1).

The distribution law f (g) of the noisy
signal G(¢) can always be determined based on
the measure of agreement between the theoreti-
cal and statistical distributions [7, /49]. But in
that case, the differential function of distribu-
tion f(x) of the useful signal X(¢) cannot be
separated from the differential function of dis-
tribution f (8) of the noise E(t) At the same
time, the pattern and variation dynamics of the
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differential function of distribution f (8) of the
noise E(f) can be indicative of the changes in

the technical condition of the object under in-
vestigation, i.e. one could extract the necessary
useful information from them.

In systems of tracking, monitoring, con-
trol, diagnostics, forecasting, identification,
management, etc., noise complies with the
normal distribution law with a zero mean, i.e. is
a Gaussian process at the initial stage of origin
of defects, faults, malfunction, etc. Such noises
have very low probability of their pulse spike
amplitude exceeding the tripled mean square
value. Such noise emerges when independent
white noises are added together and it is com-
mon in practical problems. The differential
function of distribution of that noise is deter-
mined from the expression [3, 20-21]:
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where o,, m, are the mean square deviation

and the mathematical expectation of the noise
E(t).

As the stationary random noise E(¢) is
ergodic, then its mathematical expectation m,
and the mean square deviation o, have the

same value for each of the random functions in
the set. Therefore, let us represent the differen-
tial function of the normal distribution of the
noise as follows:

N(e,mg,ag):N(e),

(e-my)?

N(e)=— e 2 )

o2

However, as the degree of malfunction
increases in course of time, the shape of the dif-
ferential curve of the normal distribution
changes first; then, as the defect takes an ex-
plicit form, the distribution law itself changes
from the normal one. Therefore, the problem of
determining the differential function of normal
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distribution N (8) of the noise E(t) arises. This
allows for identifying the dynamics of the
variation of the shape of the normal curve N(g)
of the noise E(t) in time, determining the prob-

ability with which it takes the maximum value
and the most probable values within the interval
~o, <E(t)<

If we build a matrix of informative at-
tributes, with the listed characteristics being the
elements of that matrix, we can use the combi-
nations of their values to determine the initial
period of defect origin and the moments when
maintenance, regular and overhaul repairs are
due. Therefore, in the following paragraphs, we
propose digital algorithms for determining the
differential function of normal distribution
N(g) of the noise E(f) of the noisy signal

G(¢), which are easy to use in practice.

Digital algorithms for determining the
differential function of normal distribution
of the noise. We know that the differential
function of normal distribution N(g) of the
noise E(t) is characterized by two parameters:

the mathematical expectation m_ and the mean
square deviation o, = \/D_L . As the noise has a
zero mean m, = 0, then the problem amounts to
the calculation of the parameter o, alone.

Let us assume that the additive noisy
digital signal G(At) consisting of the useful

signal X(Az) and the noise E(A¢) comes from

the sensor, which is placed in the area of effect
of the factors affecting the object and receives
digital information from that object. The signal

G(At) is sampled at the interval Az. Let us use
the following expression for calculating the
correlation function R, (u) of the noisy signal

[7-8]:

N o
=%ZG zAt z+/,t)At)=
i=1

N

:%z X(iad) X (i + p)ar)+

i=1
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+%ZX(iAt)E((i + u)At)+

i=1

N

%ZE(Z-N))}((Z- A+

i=1

N
+%ZE(1‘A1‘)E((1‘ + 11)AL), (3)
i=1
where the centered values are calculated from
the expressions: G()= G()-m, » X(0)=x()-m,;
m,, m_ are the mathematical expectations of
G(¢) and X (t), respectively.
Considering that the useful signal X (t)
and the noise E(¢) are non-correlated, i.e.
1 N o
— > X(iAt)E((i + p)Ar)=0,
N i=1
1 N o
WZE(iAt)X((i + 11)At)=0, 4)

i=1

we can write the following:

N o
—%ZG zAt z+/,t)At)=
i=1

X(iae) X (i + p)Ae )+

I
=~

%ﬁé@m)ﬁ((w)mk

=Ry (1)+R,, (1) (5)

Thus, the correlation function R, (u) of
the noisy signal G(¢) consists of the sum of the
correlation functions R, (/,t) and R, (u) of the

useful signal X(¢) and the noise E(r), respec-
tively.
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In practice, for such infra-low frequency
slow-flowing technological processes as oil re-
finery, petrochemistry, when u = At is signifi-
cantly (multifold) lower compared to the observa-
tion time 7', the noise E(¢) forms from high fre-
quency spectra due to such faults as wear and tear,
corrosion, carbon formation, etc. and has a higher
spectrum than the useful component X (7) itself.
The meaning of the useful component has no time
to change in the interval A¢r, and X(¢+ Ar)

matches the value of X (¢), i.e.
X(t+A)=X(1). (6)

This equality holds for the cases when
T is, for instance, 30-50 hours, and At is sec-
onds or minutes (depending on the specifics of
the process under investigation). In that case,
the sampling interval Az is selected based on
the spectrum of the noise E(¢) and not of the

useful component X(¢), i.e. At =1/2w, , where
o, 1is the noise cutoff frequency.

Obviously, such a strict equality does
not hold for all real-life processes, but for
processes of oil refinery, petrochemistry. For
other technological processes, an approximate
equation is acceptable. Then for said facili-
ties, when condition (6) holds, the relation

M—l ie. [8]:
Ry, (0)

Ry (1= A1) = R, (0) (7)

At the same time, since the random noise
E(t) emerges when independent white noises
are added together, it has the correlation time of
1 =0, and the correlation function R_(u) is a

o -function [8], i.e.

R (4=0) at u=0

8
0 at u#0 ®)

Rgg(#)Z{

Considering that the estimates of autocor-
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relation functions of the useful signal X (t) and
the noise E(t) at a zero time shift y =0 are the
variances of the useful signal X (t) and the
noise E(¢), respectively:

Ry(u=0)=D,, R (u=0)=D,, (9

in the sufficiently small, compared to the ob-
servation time 7 , interval u = At, with regard

to expressions (5)-(9), we get:
RGG(:u = 0)'RGG(:u = At)=Rgg(‘u = 0)'

Then the noise variance is calculated
from the expression:

DZZRGG(:u:O)'RGG(:u:At)' (10)

Therefore, the mean square deviation o

of the noise E(f) can be calculated from the
expression:

O_ZZ\/FZZ\/RGG(IJ =0)_RGG(:u =At)~ (11)

Thus, the parameter o, of the normal dif-

ferential distribution of the noise E(¢) can be

calculated by determining the square root from
the difference of the estimates of the autocorre-

lation correlation function R, (/,1) of the noisy
signal at a zero ¢ =0 and unit u = A¢ time shifts.

Then the differential function of the nor-
mal distribution N(g,m,,o,) of the noise E(r)
of the noisy signal G(¢) with the mathematical
expectation m_ =0, with provision for formula
(2), can be found, using the expression:

82

CNGT)

N'(e)

=—1 e 2(
o271

Considering that the absolute value devia-
tion from the mathematical expectation for the
normally distributed process does not exceed the
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tripled mean square deviation, the discrete val-
ues of the differential function of distribution

N’ (&) of the noise E(¢) are calculated within
the interval — 30’ <E(¢)< 30 . To that end, we:
— calculate the minimum and maximum
values of E(7): ¢
— set a sequence of possible values of E(¢)

* *
= _30-5 s gmax = 30—5 s

min

in ascending order from ¢, to ¢, at a certain

min

interval Ae : e()=¢,_, , e+ =¢()+Ae,
s Ena s

— form a sequence of possible values of the

noise ¢(1), ¢(2), €3), ¢4), ..., €., , for

which the condition £(i —1)<g(i) holds;

— calculate the differential function of the
normal  distribution  within the interval
~30. <E(t)<30’ in points £(1), £(2), £(3),

e4), ..., €_._ ,using one of the formulas:

max

[0)s
*32
e X, (13)

N (e(i)) = —
(e())) o \2n

1

N* (&) = X
\/2” : (RGG(IU = 0)_RGG(IU = At))
e z-(m(éf)(i');;f,(u:m>>. (14)
Conclusions

The developed digital algorithms can be
used in systems of tracking, monitoring, control,
diagnostics, forecasting, identification, manage-
ment, etc. for timely detection of incipient defects
and determining the time for maintenance, regu-
lar and overhaul repairs.
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KUYUN DIFERENSIAL NORMAL PAYLANMA FUNKSIiYASININ HESABLANMASININ
ODODI ALQORITMLORI

T.A.9liyev, N.F.Musayeva, M.T.Siileymanova, B.[.Qazizads

Kilylin diferensial paylanma funksiyasinin hesablanmasinin ododi alqoritmlori islonilmisdir. Kiiyiin normal

paylanmaya malik olan hala baxilmisdir.

Agar sozlar: kiiy, normal paylanma ganunu, diferensial paylanma funksiyasi, adadi alqoritmlaor

AP POBBIE AJITOPUTMBI BEIYMCJIEHUS TU®PEPEHIIMAJIBHON ® YHKIIAU
HOPMAJIBHOTI'O PACITPEAEJIEHUS IOMEXHA

T.A.Anue, H.®.MycaeBa, M.T.CyaeiimanoBa, b.U.I'a3b13a7e

Pazpabotansl 1u(poBbIe AITOPUTMBI BRIYUCICHUS AU(QepeHInanbHOl (yHKINN pacrpeencHns] TOMeXH 3a-
IIYMJIEHHOTO CHrHaja. PaccMoTpeH ciaydaid, korna noMexa NOAYUHIETCS HOPMAJIbHOMY 3aKOHY pacpeneeHusl.

Knroueewle cnoea: novexa, Hopmanvhvlil 3aKOH pacnpeoeieHuss, ouggeperyuanrvras QyHKyus pacnpeoenenus,

yugposvie aneopummol
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