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Abstract—Control and diagnostic systems currently used in
rolling stock diagnose malfunctions in wheel-and-motor units,
bearing defects, wheel-and-motor units, bearing misalignments,
mounting defects, imbalance of rotating parts, gearbox defects.
They also diagnose leaks in the feed and brake lines, break valve
malfunctions, brake cylinder malfunctions, compressor
malfunctions. In this case, parameters of vibration, pressure,
force, current, voltage, resistance, pulses, time intervals are used
as diagnostic indicators. The control results are primarily
reflected on the driver's monitor. However, these systems do not
detect the beginning of the latent period of the onset of a
malfunction, which usually precedes an accident. In addition,
these systems provide no information on the dynamics of its
development. Therefore, the result of control is sometimes
belated and does not allow taking appropriate measures in time.
In addition, modern geometry cars, flaw detector cars and other
track test cars are used to control the technical condition of the
railroad track, which provide reliable control of the technical
condition of the railroad track at “certain intervals of time”. At
the same time, in real life, due to the impact of various factors,
such as seismic processes, certain malfunctions may occur even
a day after control. Therefore, it is of great practical importance
to create technologies and technical means of '‘continuous"
control of the technical condition of the railroad track, railroad
bridges, tunnels and other infrastructure elements. In this
paper, the authors propose intelligent technologies and technical
tools that make it possible to control the beginning of the latent
period of the origin of malfunctions and the dynamics of the
development of changes in the technical condition of the track.
They are convenient for implementation in the form of a "*black
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box" and can be easily installed in one of the cars of the rolling
stock.

Keywords—transport corridor, railroad tracks, rolling stock,
East-West transport corridor, diagnostics, accident

. INTRODUCTION

The main condition for ensuring the safety of train
movement in railway transport is the reliable and fail-safe
operation of rolling stock. To ensure the required reliability of
the rolling stock, it is necessary to constantly control the
technical condition of its running gear. In modern conditions,
obtaining reliable information about their technical condition
is impossible without technical diagnostics systems. Various
diagnostic systems are currently used to assess the technical
condition of the running gear of rolling stock in motion (based
on the principle of their use: stationary, airborne, portable,
incorporated directly into the controlled object, etc.). The
main goal of technical diagnostics is to determine the type and
location of defects. Vibration parameters, pressure, force,
current, voltage, resistance, pulses, time intervals, etc. are
used as diagnostic indicators. Receiving the information about
deviations from the nominal values of the controlled
parameters (temperature, vibration, noise, etc.) during
movement, the driver of a high-speed passenger train informs
the dispatcher, who, in turn, informs the relevant departments.

Let us consider the example of axleboxes of wheelsets, one
of the critical units of the running gear of the rolling stock,
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which mainly consist of roller bearings. Currently, to monitor
the technical condition of the axlebox bearings, automatic
temperature and noise control systems with built-in sensors in
the axleboxes are used. They make it possible to monitor the
parameters of the technical condition of the axleboxes and
generate information about deviations from the nominal
readings. And this will make it possible to take timely
measures and thereby prevent the development of emergency
situations. For instance, the system for passenger cars allows
obtaining information about the temperature of the axlebox
unit using sensors built into the axlebox housing of the
wheelset bearings. The control system ensures the processing
and storage of the received information, as well as alerts to
dangerous heating of the bearings. However, this system
monitors only the unit temperature and notifies the train
personnel of its value. This does not always allow controlling
the beginning and dynamics of the development of bearing
damage. As a result, there are challenges and difficulties in
eliminating it. In this regard, the development of more
effective alternative options for solving the problems of
controlling the onset of the initiation and dynamics of the
development of malfunctions on the running gear of the
rolling stock is required.

In addition to controlling the operation of the rolling stock,
it is also important to control the technical condition of the
railroad track. At present, this work is carried out by modern
geometry cars, flaw detector cars and other track test cars at
“certain intervals of time”. Their number is limited and
therefore, at present, "continuous control” of all hauls of the
track practically impossible. At the same time, in real life, due
to the impact of various factors, such as torrential rains,
hurricane winds, seismic processes and so on, certain changes
that can cause catastrophic accidents may take place even a
day after control. In this regard, it is of great practical
importance to create technologies and technical means of
"continuous™ control of the technical condition of the railroad
track. It is also important to carry out continuous control of the
technical condition of railroad bridges, tunnels and other
infrastructure elements.

The studies carried out have shown that to solve this
problem, first of all, it is necessary to create algorithms and
technologies that allow ensuring the adequacy of the operation
of systems for the control and diagnostics of the railroad
tracks. Analysis has shown that one of the possible options for
“continuous” monitoring the beginning of changes in the
technical condition of the track can be implemented with
intelligent tools, which allow one, by analyzing the useful
signal and the noise from the soil vibrations caused by the
rolling stock, to form informative attributes for identifying the
technical condition of the track. Due to the simplicity and the
reliability of implementation of the proposed technical tools,
they can be easily installed in the form of a “black box” in one
of the cars of all rolling stocks, providing control of the
beginning of changes in the technical condition of the track
during their movement in all hauls.

Il. PROBLEM STATEMENT. THE IMPORTANCE OF ENSURING
THE ADEQUACY OF CONTROL OF THE BEGINNING OF THE
LATENT PERIOD AND THE DYNAMICS OF THE DEVELOPMENT
OF ACCIDENTS IN RAIL TRANSPORT

It is known that under the normal state of operation of the
rolling stock, in the signals received at the outputs of the
corresponding sensors, the conditions of stationarity,
normality of the distribution law and the absence of
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correlation between Ry, (1), x., the useful signal X(t) and
the noise &(t) are satisfied, i.e.,

gt) = X(@) + &.(t)
{RXS(,“ =0)=0, 7')1(‘g ~ 0 1

It is also known that as a result of the initiation of
malfunctions preceding the accidents, the noise &,(t) is
formed, which has a correlation with the useful signal X (t).
In this case, a correlation arises between the useful signal X (t)
and the sum noise &, (t) + &,(t), i.e.,

{g(t) = X(t) +&11(t) + &21(1) @)
Ry,(u=0)#0, rs 0

In the first case, the estimate of the variance of the noisy
signal g(t) is determined from the expression

Dyy =M[g(®)g®)] = M[(X(©) + &) (X(6) + &,(D))]

= MIX(OX(®) + £, ()] = Dyx (0) + Dy, (3)

where the estimate of the variance of the noise is
determined from the formula

Mle, (D), (O] = M[e(D)e(0)] = D.. (4)

In the second case, the estimate of the variance of the sum
signal g(t) is determined from the expression

Dgg = M{[X(1) + £1(8) + £2(D][X(®) + £,(1) + &2(D]} =
= M[X(©)X(®) + & (DX (0) + X(D)e2(t) + £,()&, (1)
+&,(D)e,(0)] =
= RXX(t) + 2RX£2 (t) + D£1£1 + Dszsza (5)

where the estimate of the variance of the sum noise is
determined from the expression

D, = M[e;()X(t) + X (£)£2(t) + £1(D) &1 () + £,(D) &, (0)]

= 2RX£2 0) + D£1£1 + Dgzsz = 2Ry + D 0. (6)

As can be seen from expressions (4) and (6), the estimates
of the result of the analysis of noisy signals in the normal state
of objects coincide. However, they differ significantly at the
beginning of the latent period of accidents. Because of this,
the adequacy of the results of control and diagnostics at the
beginning of the latent period of accidents in rolling stock
using traditional technologies in most cases is not ensured.
Control of the technical condition of the railrod tracks is
carried out by determining the time interval by means of track
test cars. Their continuous control is also a relevant and
important problem. In view of the above, the detection of the
occurrence of malfunctions by the rail transport control
system turns out to be delayed. Occasionally, for this reason,
accidents with undesirable results occur. Therefore, to
improve the safety of rolling stock operation and to ensure the
quality of control of railroad tracks, bridges and tunnels, we
consider options for creating a technology that will improve
the adequacy of the results of control in the latent period of an
emergency state. The issue of controlling the dynamics of the
development of accidents is also discussed in the paper.

I1l. POSSIBILITIES OF ENSURING THE ADEQUACY OF THE
RESULTS OF CORRELATION AND SPECTRAL CONTROL OF THE
BEGINNING OF MALFUNCTIONS IN RAIL TRANSPORT USING
THE TECHNOLOGY OF EQUIVALENT NOISES

As mentioned above, according to expressions (1)-(6), the
occurrence of malfunctions manifests itself in the form of
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noises on the noisy signals g(t) received on the

corresponding sensors, i.e.,

g(t) = X(@) + &1 (t)*+&,(0) )

where X (t) is the useful signal, ; (t) is the noise caused by
external factors, €, (t) is the noise caused by the initiation of
defects that precede malfunctions. As mentioned above for
the noisy signal g(t) = X(t) + e(t), if the condition of the
absence of a correlation between the useful signal and the
noise is satisfied, then the analysis results obtained using
traditional technologies can be considered adequate.
However, when the noisy signal g(t) has form (7), the
following expressions take place:

9(0) = X(8) + & (t)+e,(t)
e(t) = g1 (D)+ex(8)
Ryx(W=M[X (D)X (t + )] # Ryy()=Mlg(D)g(t +
7)]
Dy =R (u= O)ZM[S(t)E(t)]
Rxe(0)=M [X()e(?) ]
rgg (T) * Txx (T)
Ay, =M[X, sin nwt] # ang:M[gnsin nwt]
by, =M[X, cos nwt] # bng:M[gncos nwt|

where Ry, (1), Ryx(u) are the estimates of the correlation
functions of the useful signal X (t) and the noisy signal g(t),
Ry.(0) is the estimate of the cross-correlation function
between the useful signal X(t) and the noise £(t), ;4 (1),
Txx (T) are the normalized correlation functions of the noisy
signal g(t) and the useful signalX (t), an,, by, An,y» bng are
the estimates of the spectral characteristics of the useful
signalX (t), the noisy signal g(t) and the noises(t).

It is obvious from these expressions that when the
correlation between the useful signal X (t) and the noise &(t)
differs from zero, the adequacy of the results of the analysis
of noisy signals using traditional technologies will be
unsatisfactory. The studies have shown that in order to
eliminate the difficulty of ensuring the adequacy of the
analysis of noisy signals, it is first of all necessary to create a
technology for determining the estimates of the correlation
characteristics of the noise e(t) of noisy signals [7-9]. For this
purpose, technologies are proposed for determining the
estimates of the noise variance D, and the cross-correlation
functions between the useful signal and the noise Ry, (u).

These studies [7-9] have shown that in order to solve the
problem of ensuring the adequacy of the results of control and
diagnostics, it is necessary to create a technology for forming
equivalent noises, in whose estimates obtained as a result of
their analysis would coincide with the results of the analysis
of the noises of noisy signals. In this case, by analyzing the
equivalent noises, it is necessary to ensure that the obtained
estimates are equivalent to the estimates of noisy signals.

Taking into account the above, various options for forming
equivalent noises were considered. All of them have been
tested by numerous computational experiments. Through an
analysis of the proposed options, it has been found that there
are few practically feasible options. The most expedient of
them was replacing the non-measurable noise samples e(iAt)
with their approximate equivalent values £°(iAt),
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e(iAt) =~ €°(iAt)
= sgn &' (iAt)

X \/lgz(iAt) + g(iAt)g((i + 2)At) — 2g(iAt)g((i + 1)AL)|

- = sgn &' (iAt) /|’ (iAt)]. ®)

Here, assuming that the following expression is true
D, =X, £2(ibt) ~ ~ ¥, e (iAt) =
1 . . . .
S 2L 9(IAD[g(iAe) + g((i + 2)At) — 29(( +
DAB)].(9)
the formula for calculating the mean value £(iAt) of samples
of the noise (iAt) can be reduced to the calculation of the

mean value of the equivalent samples of the noise £¢(iAt),
ie.:

£(iAt) ~ £8(iAt) = %zgvzl ee(iAt),  (10)
~TN e(int) ~ ~ XK £(inr).  (11)

The possibility of forming equivalent noises allows us to
determine equivalent samples of the useful signal X€(iAt)
and the estimates of Ry (1), Ry, (1) and other characteristics
of the noisy signal, i.e.,

Xe(iAt) = g(iAt) — e (iAt) (12)

R§x() ~ Reyexe(u) ==~ I, Xe(iAOX((i +
AL) ~~ 3N, XEADX(( + p)At) (13)

R§e () ~ ~TI, Xe(idt)ee((i +
AL) z% YL X (iAD)e((i + wAt) (14)

where X€(iAt) is the equivalent sample of the useful signal
X(t), €4 (iAt) is the equivalent sample of the noise &(t).

Thus, using (8)-(14) makes it possible to isolate from the
noisy signal an equivalent useful signal X¢(iAt) and an
equivalent noise €€ (iAt), for which the estimates of Rg,(u)
and Ry, (u) coincide with the estimates of the useful signal
X (iAt) and the noise (iAt). This allows improving the
adequacy of the malfunction control.

IV. ALGORITHMS FOR IMPROVING THE ADEQUACY OF
CONTROL RESULTS USING TRADITIONAL TECHNOLOGIES

When considering possible options for improving the
adequacy of results of control and diagnostics in rail transport,
it becomes obvious that it is first and foremost necessary to
create algorithms and technologies for eliminating errors in
traditional technologies for analyzing noisy signals.

For this purpose, we will consider the possibility of
determining the main errors of traditional technologies of
correlation and spectral analysis:

Rog(1) = X1 g(iAt) g((i + p)At)=
= %zyzl(xam) + e(IAD)(X(i + WAL) +
e((i +wAY)) =
=~ [X (A6 X((i + wAt) + e(iA)X (i +
u)At) + X(iAt)e((i + u)At) + e(iAt)e((i + wAL) =
Ryx (1) + Rex (1) + Rye (W) + Ree (1)
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Therefore, the error A,,(w) of traditional technologies can
be determined from the formula

N
1
Agg(1) = NZ[X(iAt)s((i + WAt)

+ e(iA)X(( + wAt)
+ e(iA)e(( + wAD)]

which show that to eliminate it, it is necessary to determine
the estimates Ry, (0), Rx.(u) and R..(0), i.e.

2Ry:(0) + R..(0) when u=0
Aag4t) = 2Ry (1)

It is obvious that the estimates of R (1) an be determined
from the expression

Ryx(p) = {

The estimates a,, and b, i.e., spectral characteristics
can also be determined from the expressions

when p#0

Rgg(0)—[2R%(0)+RE:(0)] when u=0
Rgg(1)—2R% (1)

(15)

when u+0

T

0

_2 dt = 2 d
J Apy = Tfo [X(t) + e(t)] cosnwt dt = Tf [X(t) cos nwt + £(t) cos nwt] dt

2 (7 2 (7
L b,, = —f [X(t) + e(t)] sinnwt dt =—f [X(t) sin nwt + £(t) sin nwt] dt
TJy T Jy
e(iAt) = g, (iAt) + &,(iAt)

which can be calculated after determining the estimates Aanx
and Abnx, from the expressions

Any = % L1 9(iAt) cosnw (iAt) — A, = ap, 16
16
b, = % L1 9(@iAt) sinnw (iAt) — Ay, = by,
Nt tiv1 N— li+1
Aa, = Z f e(t) cosnwt dt — Z f g(t) cosnwt dt
i=1¢, i=1¢,
Nt Lit1 N— ti+1
| A, = Z f &(t) sinnwt dt — z j &(t) sinnwt dt
k i=1¢, i=1¢,
+ - +_NT
A, = [’V“@Vﬁaa(im)], Ay, = [N”"NN”" /lb(iAt)]
Aq, (iAt) = |\/D, cos nw(iAt) |, A, (iAt) =
|/ De stn nw (1At) |

Thus, determining the estimates of the correlation
functions Ry () and the spectral characteristics a,, ., by, of
useful signals according to formulas (15), (16), it is possible
to eliminate the errors of traditional technologies.

This opens up a possibility to improve the adequacy of
solving a wide range of control and identification problems for
both rolling stock and railroad tracks.

V. CORRELATION TECHNOLOGY FOR NOISE CONTROL OF THE
BEGINNING AND DYNAMICS OF DEVELOPMENT OF THE
LATENT PERIOD OF ACCIDENTS IN RAIL TRANSPORT

It is shown in [1] that at the beginning of the latent period
of the initiation of accidents as a result of the appearance of
the noise &,(iAt), the estimate of the cross-correlation
function between the sum noise &, (iAt) and the useful signal
X(iAt) differs from zero. At the same time, in a stable
emergency state, this estimate does not change. However, as
the defect develops, this estimate increases. This makes it
possible to control the dynamics of the development of
accidents. However, by increasing or decreasing the value of
the estimates of the noise variance, it is impossible to control
the dynamics of the development of accidents. As numerous
experiments show, the dynamics of the development of
accidents leads both to an increase in the variance of the noise
&, (iAt), which leads to an increase in the correlation between
the useful signal and the noise. As a result, in the presence of
the dynamics of the development of a malfunction, a
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correlation first arises between X (iAt) and (iAt). Then the
further development of dynamics leads to the appearance of a
correlation between X(iAt) and (i + 2)At, then between
X(iAt) and e(i+ 3)At, etc. Therefore, to control the
dynamics of the development of accidents, it is necessary to
calculate the estimates corresponding to the cross-correlation
function between X (iAt) and (iAt). In [1], the possibility of
calculating the estimate of Ry, (At) is considered and it is
shown that if there is a correlation between X (iAt) and (iAt)
at m different time shifts u = mAt, m=1,2,3,..., it is
advisable to use a generalized expression in the form

Rxe(mAt) ~ — 3 [ g(int)yg ((i + (m + 1))At)
~2g(iat)g ((i + (m + 1))At) + gliatyg ((i +
(m + 2))At)].

An experimental analysis of noisy signals received at
various technical facilities [1-12] showed that, depending on
the degree of dynamics of the development of accidents at
these facilities, a correlation appears between the useful signal
X (iAt) and the noise (iAt) first at u = 1At, then at u =
2At, u = 3At, then at u = 4At, 5At, 6At, etc. Moreover, the
values of these estimates reflect the dynamics of the
development of accidents over time. Due to this, the
generalized expression for calculating the estimates Ry, (u =
1At), Ry (u = 2At), Ry (u = 3At), ..., Ry (4 = mAt)
makes it possible to control and diagnose not only the
beginning, but also the dynamics of the development of rolling
stock malfunctions.

As shown above, at the beginning of the latent period of
malfunctions, the error &,(iAt) appeares as a result of the
initiation of various defects. At the same time, in essence, the
dynamics of the development of accidents, despite the indirect
influence on the value of the estimate of the noise variance,
uniquely manifests itself only in the estimates of the cross-
correlation functions between X (iAt) and e(iAt) at different
time shifts. Therefore, as indicated above, to control the
dynamics of the development of accidents, it is advisable to
use the estimate of Ry.(m). However, quite often, to control
the onset and dynamics of the latent period of accidents, it is
possible to use easily implementable algorithms that make it
possible to significantly simplify the solution of this problem.
From this point of view, it is advisable to use estimates of relay
correlation functions, which can be calculated from the
formula
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Ry:(w) = % N sgn g(iAt)e?(iAt) =
% N sgn X(iAt)e?(iAt).

However, to use this formula, it is necessary to determine
the samples of the noise (iAt), which cannot be measured
directly.

The following estimate can be used as informative
attributes:

Rie(u) = - X, sgn g(iat)[g(iat) g(iae) —
29(iat)g((i + DAL) +
+ g(iA)g((i + 2)At)]= %X, sgn g(iAt)e? (iAt)
e2(iat) = g(iAD)[g (i) g(iaL) — 2g(iat)g((i + 1)At)
+ g(ia0)g((i + 2)At)]

Itis also advisable to use for these purposes simple options
for the approximate calculation of estimates of the relay cross-
correlation function Ry, (1) between the useful signal X (iAt)
and the noise e(iAt) at various time shifts mAt:

R}, (mAt) ~ ﬁ N [sen g(iaD)g (G + m)At)
—2sgn g(iAt)g ((l +(m+ 1))At) +
+sgn g(iAt)g ((l + (m+ 2))At)].

When this formula is used, in the case of the presence of
dynamics of the malfunction development, the obtained
estimate will change at different time shifts [1]. At the same
time, by determining the estimate of the relay cross-
correlation function Ry, (uAt) between the useful signal
X(iAt) and the noise e(iAt) at different puAt, it is possible to
control the dynamics of the development of the malfunction.

For instance, at u = 1At, the formula for calculating the
estimate Ry, (u = 1At) will have the form

Rie(u = 1At) ~ ~ T ,[sgng (iAt) g (i + 1)At
—2 sgn g(iAt)g(i + 2)At+sgn g(iat)g(i + 3)At].

At u = 2At, the formula for calculating the estimate
R%.(u = 2At) will have the form

Rie(u = 28) ~ - %I ,[sgn g(iAt) g (i + 2)At
—sgn g(iAt)g(i + 3)At + sgn g(iAt)g (i + 4)At].

It is obvious that the estimates Ry,(u = 3At), Rx.(u =
4At), ..., can be calculated in a similar manner.

It is clear that in the absence of a correlation between
X(iAt) and e(iAt), the estimate of the cross-correlation
function R, _(z=0) between the useful signal and the

noise will be close to zero. It is also obvious that at the
initiation of various defects preceding accidents at the facility,
as a result of the appearance of the noise &, (iAt) (e(iAt) =
&, (iAt) + €, (iAt)), the value of the estimate of the relay
cross-correlation correlation function due to the presence of a
correlation between X (iAt) and e(iAt) will increase sharply.
A distinctive feature of this algorithm is that at the initiation
of various malfunctions, when a correlation occurs between
X(iAt) and e(iAt), the differences in the estimates Ry, (1At),
Ry, (2At), Rx.(3At) unambiguously reflect the dynamics of
the development of accidents, which makes it possible to
provide reliable information on the dynamics of the
malfunction development.

¢ IEEE

Similarly, using the corresponding formulas for other
Noise characteristics of the noisy signals g (iAt), [1, 9-12], it
is possible to increase the reliability and adequacy of control
of the beginning of the latent period and the dynamics of the
development of malfunctions preceding accidents in rail
transport.

N
1
Rix:(0) = NZ g'(iAt)g' (iat) — 2g' (iAt) g' (G + 1)At)

= + g'(iAt) g'(( + 2)At)

N
1
R3x.(0) = NZ g'(iA)g(iAe) — 29’ (iAD)g((i + 1)At)

= +g' (I8 g((i + 2)At)

Ryl (0) = %Z g2 (M) g(iAL) — 2g2(iAD) g ((i + DAE)

T 20 g(( + 2ar)

N
1
Rixe(0) = 7> g"(i8t)g' (i40)
i=1

— 29" (iAt) g’ ((i + 1AL)
+ g'%(iAt) g'(( + 2)At)
N

1
Rixe(0) = 3 ) sgn g(iB0)g (i)

- 2sgn g(ib)g((i + 1)At)
+ sgn g(iAt)g((i + Z)At)
N

1
Rixe(0) =37 ) sgn g'(ib0)g (160

. 2sgn g'(iAt) g’ ((i + 1)At)
+ sgn g'(idt) g'((i + 2)At)

where g(iAt) is the centered noisy signal, g’ (iAt) is the non-
centered noisy signal, Ry.(uAt) is the cross-correlation
function between the useful signal X(iAt) and the noise
e(iAt); pAt is the time shift between the samples of the useful
signal X((i + w)At) and the noise (iAt); g((i + w)At) is
the (i 4+ p)-th sample of the centered noisy signal; g'(iAt) is
the sample of the non-centered noisy signal; N us the number
of samples.

VI. TECHNOLOGY FOR DETERMINING THE DYNAMICS OF THE
MALFUNCTION DEVELOPMENT BY CHANGING THE SHAPE OF
THE CURVE OF THE DISTRIBUTION LAW OF THE NOISE OF
NOISY SIGNALS

The studies carried out have shown that to control the
dynamics of the malfunction development, it is possible to use
the approximate values of the estimates of the curve of the
distribution law of the noise e(iAt). For this purpose, first of
all, the equivalent samples of the noise £¢(iAt) are
determined.

Numerous experiments have shown that despite the
possible deviations of the approximate values of the samples
of &°(iAt) from their true values e(iAt) by &€(iAt) —
e(iAt), the following equality holds between their estimates

P {% N et (i) — %Z’ivzl g2(iAt) = 0} =1,
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P {% Kyeeiar) - %Z?’:lg(mt) ~ 0} =1,

where P is the probability sign. This equality shows that by
constructing the distribution law of the equivalent noise
€¢(iAt), one can obtain results identical to the results of the
analysis of the noise e(iAt), i.e, the possibility of calculating
the approximate values of the equivalent samples of the noise
€¢(iAt) makes it possible to construct the distribution law of
the noise €(iAt). It is known that the coordinates of the curve
of the distribution law of the noise are determined for this
purpose. Therefore, W(e) is determined corresponding
values of its curve from N samples of the noise (iAt) for the
time T = NAt. For this purpose, the approximate value of the
samples of the equivalent noise &5 (iAt). is used. For this, by
the number of samples Ny, N,, ... , N, of €¢(iAt), given in the
range from 0 to &,,,,, through equal intervals At, it is possible
to construct the distribution law W (¢).

Note that, in a similar way, by reading the square of the
noise 2(iAt), it is possible to determine the Ny, N, ... , N,,
coordinates of the distribution law curve for e2(iAt) .
Obviously, this curve will be identical in shape to the curve of
the distribution law of the noise e(iAt). £2(iAt) here is
determined from formula (8), (9).

The construction of the distribution law for the equivalent
noise £°(iAt) is carried out as follows. The minimum value
Emin 1S Set, and if the condition [, + jAx] < e(iAt) <
[€min + (G + 1)Ax] is satisfied, their number is determined.
Then this value is increased by Ax for all samples of the
approximate values of the noise £¢(iAt), and this process is
repeated. The construction of the curve of the distribution law
for €2 (iAt) is carried out in a similar way.

Therefore, the construction of the distribution law W (¢)
for both options is carried out in a similar way. Moreover, in
both cases, for the values j = 0,j=1,j=2, .., j=m, we
successively  determine  the number of samples
No, N, Ny, ..., Ny, at which the specified conditions are met.
It is clear that using the results obtained it is possible to
construct a curve of the distribution law both for the case
We€(iAt)] and for the case W [g2(iAt)]. As the number of
samples N increases, these curves tend to the distribution law
of the noise itself, i.e., W(&). In the presence of dynamics of
the malfunction development of the shape of both curves of
the distribution laws of both W[e¢(iAt)] and W [e2(iAt)]
change after a certain time interval Atr. The difference
between the samples of the distribution law curves here will
depend on the dynamics of the malfunction development.

In conclusion, it should be noted that the resources of
modern personal computers make it quite easy to implement
the above technology in practice.

VII. SPECTRAL TECHNOLOGY FOR THE NOISE SIGNALING OF
THE BEGINNING OF THE LATENT PERIOD OF ACCIDENTS IN
RAIL TRANSPORT

An analysis of technologies of the possibility of using
spectral noise control has shown that early diagnostics of the
onset and dynamics of changes in the latent period of
malfunctions is very important during the operation of rolling
stock. However, the use of the technology of spectral analysis
of the noisy signal g(iAt), usually obtained at the output of
the sensors, does not provide the adequacy of the diagnostic
results. Therefore, for this purpose, it is advisable to use the
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estimates of the spectral characteristics of the noise e(iAt) of
noisy signals g(iAt) as informative attributes, according to
the expressions

N
1
an, = NZ € (iAt) cosnw(iAt)
i=1

N
1
by, = NZ e(iAt) sinnw(iAt)
i=1

However, these algorithms cannot be implemented in
practice, since it is impossible to determine the samples of the
noise e(iAt). At the same time, as already shown above, it is
possible to determine the samples of the equivalent noise
e(iAt) from expressions (8), (9).

N
1
Ane = Nz €2 (iAt) cos nw(iAt)
i=1

b, = %Z €22 (iAt) sin nw(iAt)
where
e (iat) = g(iAD)[g(iat)g(iAt) — 2g(iAt)g((i +
1At) + g(ia)g((i + 2)At)].

These studies have also shown that the technology of relay
and sign spectral analysis of the noise using expressions can
also be used for the signaling of the beginning of the initiation
of malfunctions

a,. = %Z?’:l sgn e?2(iAt) sgn cos nw(iAt),

1
[
bns__

v N . sgn £¢%(iAt) sgn sin nw(iAt),

a,. = %Z?’zl sgn €2 (iAt) cos nw(iAt),
b, = %Z?’:l sgn €22 (iAt) sin nw (iAt).

The expediency of using the technology of relay and sign
spectral analysis of the noise for signaling the beginning of the
latent period of accidents is due to the fact that they are easily
implemented by hardware.

Besides, to control the dynamics of the development of
accidents, it is also advisable to use the technology of relay
spectral analysis of the noise according to the expressions:

a;, = %Zﬁvzl sgn £° (iAt) cos nw(iAt),
bi. = % N, sgn £°%(iAt) sin nw(iAt),
aze = %Z?’:l sgn £°°((i + 1)At) cos nw(iAt),
b;. = %Z?’zl sgn €°%((i + 1)At) sin nw(iAt),

2
N

b, = %Zﬁvzl sgn £°°((i + m)At) sin nw(iAt).

N . sgn ¢%((i + m)At) cos nw(iAt),

*
Ane =

It is obvious that the control of the dynamics of the
development of accidents can also be carried out by estimates

Baku, Azerbaijan



of the sign spectral characteristics of the noise according to the
formulas

ay; = %Z?’:I sgne®? (iAt)sgn cos nw(iAt),

bt = %Zf’zl sgn €22 (iAt)sgn sin nw (iAt),
ays = %Z?’zl sgn eez((i + 1)At)sgn cos nw(iAt),
by: = %Z’i"zl sgn €2%((i + 1)At)sgn sin nw(iAt),
ans = % N sgn eez((i + m)At)sgn cos nw(iAt),
bt = %Z?’:I sgn £°%((i + m)At)sgn sin nw(iAt).

The use of these technologies makes it possible to reliably
control the dynamics of the development of accidents at u =
1At, u = 2At, u = 3At, ..., u = mAt. The reliability of the

signaling can be ensured by duplicating these estimates with
the estimates of the relay correlation functions. Due to the
extreme importance of ensuring the fail-safe operation of
rolling stock, duplication of the control of the beginning of
initiation and dynamics of the malfunction development with
several technologies can be considered justified.

VIII. INTELLIGENT SYSTEM FOR THE CONTROL OF THE
TECHNICAL CONDITION OF RAILROAD TRACKS

Fig. 1 shows the block diagram of a system for intelligent
Noise monitoring of the technical condition of railroad tracks,
consisting of the following modules:

3 ERE

12 —taJ
{i%
YA e

—|—>10 > 11 > 12

Fig. 1. Intelligent system for the control of the technical condition of railroad tracks

1. Vibration sensor.

2. Module of sampling and formation of centered
samples of the noise vibration signals g (iAt).

3. Module of determining the equivalent samples of the
useful signal X (iAt).

4. Module of determining the equivalent samples of the
noise £€(iAt).

5. Module of determining the equivalent estimates of the
correlation functions of the useful signal Ryeye(u).

6. Module of determining the estimates of the cross-
correlation function between the useful vibration
signal and the noise Rye.e(u).

7. Module of determining the estimates of the spectral
characteristics a,ye, byxe, anze, byge Of the useful
vibration signal X (iAt) and the noise ¢ (iAt).

8. Module of formation of current informative attributes
consisting of current estimates Ryeye(i), Ryeqe(u),
Dee, ,anxe, bnxe, anee, bpee, b:li

9. Module of formation of the set of reference

informative attributes Ryeve(u), Ryere(u), Die™,
max max max max
nx€ Unx€ Yne® 1 Une -

10. Learning module.

11. Decision-making module.

12. Module of formation of information for signaling

and remote transfer.

As can be seen from the block diagram in Fig. 1, the track
Noise monitoring system is an inexpensive and fairly simple
device, which practically consists of a vibration sensor, a
sampling tool and a controller. Therefore, it can be installed in
any cars of any train, and at the same time, does not require
substantial costs.
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The system operates as follows. At the beginning of the
operation, the learning process begins and during the
movement of the rolling stock in each control cycle, by means
of the appropriate modules, the sampled vibration signal
g(iAt) is analyzed and the obtained estimates Ryeye (),
Ryege(t), Dge, ,Anye, bpxe, nee, bpee, by? are saved as
informative attributes. In subsequent cycles, current estimates
are compared with previous estimates and only those greater
than the previous maximum estimates are kept. As a result, the
set W forms after a certain time, which consists of maximum
estimates of informative attributes, which are formed in the
current cycle. They, i.e. Ryeye(u), Ryere(u), Dpe™, ayye,

nxe  Onee , b & are taken as reference estimates. In the
following cycles, this process repeats and similarly forms the
subsequent reference set. If the current informative attributes
are greater than the maximum reference attributes, then it is
assumed that the training for a given haul is completed, and
the comparison of current combinations of informative
attributes with an element of the set of reference informative
attributes begins. If the current attributes are not greater than
the reference ones, then the technical condition of the track is
considered unchanged. If current informative features are
greater than the reference ones, it is assumed that the
beginning of the latent period of changes in the technical
condition of the track takes place. At the same time,
information is formed in Module 12 to signal the advisability
of control of the technical condition of a given haul using
geometry cars. In the case when no change is detected, it is
also possible to form and transmit information about the safety
of the track of this haul.

IX. CONCLUSION

Traditional technologies do not allow extracting
diagnostic information sufficient to identify the onset of the
latent period of the initiation of defects in the main elements
of the running gear of rolling stock. This affects the delays in
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the detection of the onset of malfunctions, which sometimes
leads to wunavoidable accidents with undesirable
consequences. Consequently, in order to improve the
reliability of fail-safe operation and organize timely
maintenance of rolling stock, it is necessary to create new,
more efficient technologies for analyzing noisy signals, which
allow early detection of the beginning of the initiation of
malfunctions.

An analysis of malfunctions of the rolling stock
undercarriage has shown that when the defects arise, the noisy
signals received at the outputs of the sensors contain
information about this in the form of noise of a random
function. This is due to the fact that noises appear during the
initiation of an accident as a result of the imposition of a large
number of various dynamic effects arising in the controlled
nodes. Therefore, the noises of noisy signals, which are of a
chaotic random nature, contain sufficient information about
the beginning of a change in the technical condition of the
object. For instance, the vibration signals of the axleboxes of
wheelsets contain a large number of various noises. They
make it difficult to detect the onset of defect initiation when
using traditional signal analysis technologies. At the same
time, in some cases, it is the noise that are the only carriers of
diagnostic information about the beginning of the initiation of
a malfunction. Therefore, to control the beginning of the
initiation of malfunctions, it is necessary to create
technologies that allow calculating informative attributes not
only using useful signals, but also noise [7-11]. In order to
ensure the control of a defect at the beginning of its initiation,
it is necessary first to choose the type and installation locations
of the corresponding sensors that ensure the controllability of
the object. To analyze both the sum signal g(iAt) and the
noise £(iAt), it is advisable to apply technologies that allow
calculating the corresponding informative attributes.

Due to the extreme importance of ensuring fail-safe
operation of the rolling stock, it is advisable to monitor the
onset and dynamics of the malfunction development by
duplicating several technologies of Noise control and Noise
signaling proposed in [7]. The reference set of the estimates of
Noise characteristics of noisy signals here will have the form

we =
J
DI'%* RTAX (1At), R7&* (2At), R§A* (3At), ..., REA* (mAt)
RYTO*(1AL), RYFY (2At), RYT*(3AL), ..., R (mAt)

max jpmax. ,max pmax, ,max pmax. ., ,max jpmax
Aie 'ble y Qg 'b2£ y A3 ,b3£ 5o Ang :bns
*MAX | *MAX, ,*¥MAX | *MAX, ,*¥MAX | *MAX. , ,*¥Max J*max
Ai1e 'ble » Aog 'b2€ y A3 :b3s 5w Ang :bns

which, in combination with the current informative attributes,
will form the basis of information support for solving the
control problem. As a result, the reliability and adequacy of
the results of controlling the onset and dynamics of the
development of malfunctions will increase.

To ensure the safety of rail transport, it is important to
increase the efficiency of control of the technical condition of
the railroad tracks. Modern geometry cars, flaw detector cars
and other track test cars are currently used for this purpose,
providing reliable control of the technical condition of the
railroad track in all hauls at certain intervals. Their number is
limited and therefore “continuous control” of all hauls is
practically impossible. Therefore, to ensure the safety of the
track, they are used on schedule so that the control of each
haul takes not less than a certain period of time. It is clear that
the smaller this period, the greater the guarantee of safety.
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However, in reality, especially in seismically active regions, it
is impossible to guarantee the complete stability of the
technical condition of the track during these periods of time.
Therefore, it is impossible to guarantee complete safety of the
track. Obviously, to solve the track safety problem, it is
necessary to take into account changes in the seismic situation
in those time intervals in some hauls. This, in turn, requires a
continuous monitoring of the beginning of changes in the
technical condition of the track using simple and inexpensive
technical tools installed in the corresponding cars of the
rolling stock. This paper considers one of the possible
solutions to this problem. It is known [2-5] that by analyzing
soil vibration caused by the impact of the rolling stock, it is
possible to form informative attributes that can be used to
determine the technical condition of the track. However, the
use of traditional correlation, spectral and other analysis
technologies proved to be ineffective for the formation of
corresponding attributes of informative attributes by
analyzing vibration signals. This is due to the fact that,
substantial errors caused by the effects of the noise of
vibration signals arise, decreasing the adequacy of the results
of track control. In this paper, the technology of separate
analysis of the useful vibration signal, the noise of the
vibration signal, and the relationship between them are
proposed to eliminate this difficulty, and on their basis, one of
the possible options for constructing intelligent technical
means of Noise control is proposed, which can be easily
implemented in one of the cars of all rolling stocks. Noise here
is used as a carrier of diagnostic information, which is used to
form a set of informative attributes that allow identifying the
beginning of a change in the technical condition of railroad
tracks, bridges and other track elements. For instance, with a
combination of well-known technologies, it is possible to
build a hybrid system for Noise signaling of the beginning of
the latent period of changes in the technical condition, making
it possible to prevent sudden destruction of large bridges and
other elements of main traffic arteries.

In conclusion, it should be noted that, despite the influence
of various factors that make it difficult to ensure fail-safe
operation of the running gear of the rolling stock, currently
used technologies and systems provide satisfactory control of
their operation. However, due to the extreme importance of
this issue, to control current state of the running gear of the
rolling stock, it is advisable to duplicate traditional control
algorithms with the proposed algorithms for the noise control
of the onset and development dynamics of malfunctions. This
can ensure early diagnostics of such malfunctions of the
running gear of the rolling stock as bearing defects, lacking
and insufficient lubrication, malfunctions of wheel-and-motor
units, mounting defects, imbalance of rotating parts, gear
defects, leakage in the feed and brake lines, break valve
malfunctions, brake cylinder malfunctions, compressor
malfunctions, etc. Thus, the use of algorithms and technology
of noise control in combination with traditional algorithms
and technologies can significantly enhance the effectiveness
and reliability of ensuring fail-safe operation of the rolling
stock.
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