2 Position-Binary Technology of Monitoring
Defect at Its Origin

2.1 Specific Properties of Periodic Effect Objects

It’s known that in most cases the spectral methods are used for the experi-
mental analysis of the cyclical (periodic) processes [12, 41]. For example,
the objects of the back-and-forth motion equipment, the objects of the
rotating equipment, those of the biological processes, etc. are cyclical. As a
rule, the signals obtained from many cyclical objects have the complicated
spasmodic leaping form and are accompanied by significant noise. At present,
spectral methods and algorithms are commonly used in the experimental
research of such signals [12, 37, 61]. But they are not effective enough for
these objects in some cases [37]. Thus, in many cases it is necessary to use
the large number of harmonic components of the corresponding amplitudes
and frequencies for the appropriate description of spasmodic and leaping
signals. That essentially complicates the analysis and use of the obtained
results for solving the corresponding problems [37, 41]. That is why, in
solving the problem of monitoring the defect origin, there is a need for
methods and algorithms allowing one to (1) increase the reliability of the
obtained results in comparison with the spectral method and (2) decrease
the quantity of the spectrum components of the considered class of the
objects [37, 41].

Let us consider the difficulties of using the spectral method for the
analysis of the signals obtained from the considered objects in more detail.

It is known that when using the algorithms of this method for description
of the periodic signals X (t)of the bounded spectrum, the periodic signals
X (t) are represented as the sum of the harmonic components by means of
the following expression:

X(t)za?O+Z(an cosnmt +b, sinnwt). 2.1

n=1
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In Eq. (2.1), a,, b, are the amplitudes of the sinusoids and the cosinu-
soids with the frequency n@, which are assumed to be the informative
indicators in solving the problem of monitoring the origin of the defect.
It is known that for providing the accuracy of the signal restoration X' (t),
the following inequality is required:

> <S8, (2.2)
i=1

where A7 are the squares of deviations between the sum of the right-hand
side of Eq. (2.1) and samples of signal X (t) at the moments of sampling
ty, t,, ..., t,, ..., t, with the sampling step Af; S is the permissible
value of the mean-root-square deviation.

The spasmodic leaping signals providing Eq. (2.2) lead to increasing the
number of harmonic components, and that correspondingly complicates pro-
cessing the experimental data. In addition, when the measured information
consists of the sum of the useful signal X (t) and the noise g(t), condition
(2.2) takes place depending to a certain extent on the value of the noise
S(t). In the existing methods, the influence of the noise is neglected in Eq.
(2.1), and the error caused by the noise 8(t) is assumed to be equal to
zero. But for the many cyclical processes, the influence of the noise on the
accuracy of the restoration of the initial signal X (t) can be considerable
and must be taken into account.

If we take into consideration that in the defect origin the spectrum of the
signal continuously changes, the difficulties of using the technology of the
spectral analysis in solving the problem of monitoring the defect origin
will be clear. That it is why it is necessary to create the new spectral tech-
nologies, taking into account the specificity of the signals obtained from
the periodic objects. One of the possible variants of these technologies is
offered in the next section.

2.2 Position-Binary Technology of Analyzing Noisy
Signals Obtained as Outputs of Sensors
of Technical Objects

As stated earlier, at present the algorithms of the spectral and correlation
analyses are mainly used for the analysis of the periodic processes [12].
But their application in solving the problems of monitoring the defect
origin does not provide a reliable result at the origin of a defect. In this
connection, the principles and algorithms allowing one to detect the defect
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at its origin are of both theoretical and practical interest. The availability of
using the position-binary technology for this purpose is offered ahead. In
that case, noisy signals are analyzed through the corresponding position-
binary impulse signals (PBIS).

In practice, when measuring the signals X (t), there is the minimum
value of the increase, which can be provided by the used instrument depen-
ding on its resolving capacity. We will denote that minimum value of the
increase as Ax. So in measuring the signal, the number of its discrete
values is equal to

m=X/Ax+1. (2.3)

In the process of the analog-digital conversion of the periodic signal
X (t), its amplitude quantization takes place for each sampling step Af,
i.e., the range of its possible changes is divided into the m sampling
intervals and the value of the signal belonging to the m th sampling
interval is related to the center of the sampling interval mAx when the
following inequality takes place:

mAx —Ax/2< X (1) <mAx + Ax/2. (2.4)

In this case, the values of the binary codes of the corresponding digits
q, of samples x; of signal X (iAt) with sampling step A¢ are determined
on the basis of the following algorithm [12, 14, 37, 41]:

1 for x_., (iAt)>Ax2";
g, (iAt)= “‘)(. ) ) (2.5)
0 for x.. (iAt) < Ax2" ;

Xrem(k) (iAt) = Xk (iAt)_ [qk+l (iAt)+ 9i+2 (iAt)+ et CI(H)(Z‘At)] )

where

X(iA1)> 2", x 0 (A2) = X (iA2),

nZlog%", k=n-1,n-2,.,10.

First, according to this algorithm, at each step of sampling At the
equality xrem(nfl)(iAt) =X (l'At) is accepted. Also, according to condition
(2.5), the signals g, (iAt) as a code 1 or 0 are formed by iteration. In this
case, in the first step X (iAt) is compared to the value 2" Ax. According
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to (2.5), at X (iAt)Z 2" 'Ax, the value g, (iAt) is equated to unit;
according to the difference X (iAt)—2”’1Ax=xrem(n72), the value of the
remainder X, , Is determined. When X (iAt) >2""Ax, the value
q,., (iAt) is set to zero and the difference remains constant. At the next
iteration, the same takes place. As a result, during the cycle 7, with samp-
ling step At, the signal X (iAt) is decomposed into the signals g, (iAt)
having the value 1 or 0 and whose weight depends on their positions. At
the same time, the codes do not change in time when the value of the
initial signal X (iAt) does the same at the process of sampling. Here and
ahead, we will name these signals the position-binary impulse signals
(PBIS). The position-binary technology is the series of the procedures of
processing based on the decomposition of the continuous signal by the
PBIS.

According to algorithm (2.5), the width of the PBIS is proportionate to
quantity Atz when g, (iAt) remains constant. Depending on the form of
X (iAt), the same signal ¢, (iAt) can change its value several times
during one cycle after the corresponding time intervals. It is clear that if
the condition of the object is constant, the combinations of the time
intervals Tkll, Tkol, Tklz, Tk02 , ... of the PBIS at each cycle are constants,
and they are repeated. Otherwise, they also change. Let us note that here
Ty, Tio» Thys Tho,» --- correspond to the intervals when the condition
q, (iAt) =2f (Ax = 1) takes place; T, T, ... correspond to the
intervals when the condition ¢, (iAr)=2"(Ax =0) takes place.

For example, let us suppose that the cycle time of the analyzed signal is
equal to 15 microseconds and the sampling step is equal to 1 microsecond,
i.e., T, =15 mcs, At =1mcs. Let us assume that PBIS ¢, (iAt) takes the
following states for one cycle: 000111100110000. In this case, the para-
meters of signal ¢, (iAt) are represented as follows: 3,0; 4,1; 2,0; 2,1; 4,0.
It means that during the cycle, the width of unit and zero states of signal
q3(iAt) corresponds to the following time intervals: 3 mcs-0; 4 mcs-1;
2 mcs-0; 2 mes-1; 4 mcs-0. It is obvious that in each cycle the sum of all
PBIS is equal to the initial signal

X(iat)= g, (iat)+q, ,(iAr)+-+q,(iAt)+ q,(iAt) = X" (iAt).  (2.6)

Each g, (iAt)can be considered as the individual signal because we can
assume the sequence of time intervals when g, (iAt) are in the unit and
zero state to be impulse-width signals. At the same time, for the cyclic
objects these PBIS ¢, ; (iAt) are the periodic rectangular impulses having
the period 7, with unit 7, and zero 7|, half-periods correspondingly.
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We must note that the representation of the centered signals by PBIS
differs only that in this case the initial signal is represented as the sum of
the positive and the negative PBIS ¢, (l) At the same time, the signals
X (t;j and y(t) are represented as bipolar periodic PBIS, and their sum is
also equal to the initial signal X (iAt).

At the representation of the initial signal X (iAt) as the sum g, (iAt) at
time ¢,, the difference between the real value of the initial signal X (z‘) and
the sum of PBIS is

X (iat)- X (int) = AliAe). 2.7)
Taking into account Eq. (2.4), we have
AiAt) < +Ax/2 .

If we assume that in forming the signals g, (ia?), the value of the error
/I(iAt) is under the equiprobable distribution law [30], we obtain

Ax Ax
P[/@ <7}~P{/1[ > } (2.8)

where P is the sign of probability.

Thus, according to (2.7) and (2.8), the sum of the squares of deviations
A, at t,, t,, ..., t;, ... is close to zero. Inequality (2.2) can then be
represented as follows:

i%(im)g Ax.

i=1

According to this inequality, at the representation of the signal X (t) as
the sum of PBIS, the mean-square deviation is not greater than the value
Ax, and that shows the possibility of restoration of the signal with high
accuracy. For example, in solving the problems of monitoring, if the change
of the object condition leads to the change of the corresponding components
of the signal by a value greater than AXx, the corresponding parameters
q, (iAt) will be affected. Thus, the difference from the similar parameters
will be detected at the initial stage of the defect origin in the process of
forming the parameters as the combination of the corresponding time
intervals of the signals ¢, , (iAt), 9, (iAt), ce 4, (iAt) of the corres-
ponding cycle. This allows one to form and provide information about
changing the condition of the controlled object. So the position-binary
technology opens real opportunities for detecting the defect origin, which
usually precedes major failures and emergency situations.
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It is obvious that the position-binary technology can also be used for the
stochastic objects. In this case, the process of solving the problem of
monitoring the defect origin is also greatly simplified in comparison with
the spectral technologies, and its adequacy thus improves.

It is_connected with the fact that the algorithms of the processing
q, (iAt) in practice are realized quite easily, because each position-random
function has only two values. In this case, the analysis of the random
process by the signals of the PBIS is similar to the analysis of the cyclic
processes. The difference is that in this case the observation period of the
random process 7 is selected according to the principles of the correlation
analysis.

As follows, the average frequency < fk> and the period <T k> can be
determined for both periodic and stochastic objects for each PBIS. It is
intuitively understood that for random and periodical noisy signals g(t),
the average value of zero and unit half-periods of the position signals
q, (iAt) can be determined by the following formula for a sufficiently
long observation period:

<T‘1k > - <quk > + <T0qk > ’ 2.9)
where
(1) = iﬁ%k, (T = izy;Toqkj : (2.10)
Jj= =

Here y is the number of unit and zero half-periods of the PBIS for the
observation period; and j is the number of the g, th position of the PBIS.

It was shown [14] that for a sufficiently long observation period 7, the
estimates of the periods <T k> of the PBIS become nonrandom values.
Thus, using them can greatly simplify solving the problems of monitoring
the defect, which are traditionally solved by means of the estimations of
statistical and spectral characteristics of the random processes.

2.3 Opportunities of Using Position-Binary Technology
for Monitoring Technical Conditions
of Industrial Objects

As stated earlier, the description of the random process can be represented
by means of the corresponding frequency characteristics PBIS by using the
position-binary technology of the analysis [12]. The experiments con-
nected with the frequency properties of the PBIS show that they give the
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opportunity to solve the problems of diagnostics and monitoring and are
significantly simpler than traditional algorithms of the correlation and
the spectral analysis [13]. In practice, they are realized more easily because
each position-random function has only two values. At the same time, the
average frequency f, and the period 7, determined by means of the
PBIS are nonrandom values. Due to the simplicity of their determination,
solving the problems of monitoring, which traditionally are solved by
means of the estimations of the statistical or the spectral characteristics of
the random processes, are greatly simplified. For example, the signal
X () can be represented as the combination of PBIS g, (iAf) in solving
the problems of the diagnostics of the technical conditions of the stochastic
objects. It is obvious that changing the conditions of the object leads to
changing the combination of their average frequencies Sour Jo , £ 0
If W is the set of all possible failure states of the object, it is easy to solve
the problem of diagnostics and monitoring by means of the combination or
the set of combinations of the frequencies of the PBIS for each failure state
of the object.

It is possible to give examples of various technical problems that can be
solved be means of the PBIS. For example, voice verification can be rea-
lized by forming the combinations g, (iAt), s G (l'At) for each word
by means of quite simple software and hardware.

Let us consider the use of position-binary technology for the diagnostics
of the cyclically worked objects on the example of the diagnostics of the
depth-pump equipment of the oil well [45]. The signal obtained from the
force sensor of the depth-pump equipment characterizing its technical
condition is represented in Fig. 2.1(a).

At the normal condition of the equipment, the curve is a trapezoid
[curve 1, Fig. 2.1(a)] for the period 7., amplitude U,, and constant U,.
For the sake of simplicity, let us suppose that U = 9m/)V and the quanti-
zation step by amplitude is Ax =1mV. In this case, Kk >log, 9 = 4p,ie,
k =4 binary digits ¢q;, ¢,, ¢q,,q, are required for sampling the initial
signal by the amplitude.

The initial signal is broken down into the sequence of the PBIS in Fig.
2.1(b). As the figure shows, the frequency of the 1s and Os in positions and
the width of the unit signals and pauses for the given values Ax and At
are correspondingly determined by the amplitude value of the initial signal.
So, for example, at time ¢, g; = 0, ¢, =1, q, =1, g, =0, i.e., the
signal amplitude is determined by the four-digit binary code 0110 corres-
ponding to 6 megavolts, etc.
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Fig. 2.1. (a) The diagram of the signal of the force sensor, (b) the PBIS for the
normal state of the depth-pump equipment, (c) and that for the failure state
“Plunger sticking.”

In the given example, the duration of the initial signal’s cycle is
T.=36s for the step Af =1s of sampling by time. In this case, for the
corresponding positions ¢, , for example, for position ¢, the binary
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sequence 1.0, 2.1, 2.0, 2.1, 12.0, 2.1, 2.0, 2.1, 11.0, where the first number
means the duration of the interval by seconds and the second shows
belonging of the interval to unit or zero states, is generated for a cycle. The
similar binary sequences are generated for other positions.

During the change of the technical condition of the depth-pump equip-
ment (for example, during the appearance of the “Plunger sticking”-type
failure of a pump [45]), curve 1 [Fig. 2.1(a)] becomes similar to curve 2,
and, as shown in Fig. 2.1(b) and (c), the positions and the parameters of the
durations and pauses of PBIS change according to that. So, for example,
the new values q,: g, =1, ¢, = 1, ¢, = 0, g; =0 are generated at time
t, due to the change of the form of the initial signal, i.e., the binary code
1100 corresponds to the amplitude of the initial signal. At the same time,
the new binary sequences are generated at the corresponding positions g, .
In particular, the binary sequence similar to 2.0, 4.1, 4.0, 2.1, 4.0, 4.1, 2.0
is generated for ¢, .

It is obvious that other combinations of above-mentioned time intervals
are received for other failures. Diagnosing the technical state of depth-
pump equipment of the oil wells can be performed by these combinations.

However, despite the obvious advantage of this technology, when solving
the problem of monitoring the defect, it does not allow one to detect the
beginning of its origin. That explains the necessity of analyzing the noise
as the data carrier appears quite often. In turn, this requires determining
the sampling step A7, on the basis of the high-frequency spectrum of the
noise e(iAt). The frequency of noise sampling can be determined by the
frequency of the change of state of the lower position-binary impulse, i.e.,
by the value of its average period <T q0> and the average frequency ( f @

after transforming by the frequency f, and recording the samples of the
analyzed signal g, (iAt) [1, 2, 58, 59].

It is obvious that if we choose the sampling step Af, based on the
spectrum of the noise, it will be sufficiently less than Af.

As shown in Section 1.5, and according to the model of the signals, the
spectrum and the estimates of the corresponding characteristics continuously
change on the outputs of the sensors in the process of the origin and the
evolution of the defect. That sufficiently affects the accuracy of the received
estimates. There is the real opportunity to perform the change of the sampling
step in real time, and by this way to increase the reliability of the obtained
results due to the simplicity of the realization of expressions (2.9) and (2.10).
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2.4 Position-Selective Adaptive Sampling of Noisy Signals

Let us consider the opportunity of determining the sampling step of the
initial signal At by taking into account the value of the given error &, by
means of the frequency properties of the PBIS.

Let us assume that the analyzed signal is processed by analog-digital con-
version by the current frequency f, and by the certainly small sampling
step of the quantization by time Atz. In this case, according to the inequali-
ties Af, << At, many of these samples will be repeated due to the following
equality:

Px(iat)] = P[x((i +1)Az)].

This explains why the values of the binary codes of the samples X' (iAt)
will also be repeated for each step X ((l + I)At) of quantization in the inter-
val At,. Due to this, the frequency f, ~of the lower PBIS ¢, (), which
can be determined by the following formula:

|
Ja =<T—> 2.11)

90

[where <T a0 2 is the average value of the period of the signal qo( )] will be
sufficiently less than the current frequency of sampling f, . At the same
time, the following inequality connecting the current frequency f, and the
cutoff frequency f., found by the sampling theorem, takes place:

Jo>> fe

The value f 4, can be assumed to be constant for all realizations of the
same stationary random signal or cyclical signal for present ADC, i.e.,

f,, = const .

Thus, if we choose the value f, satisfying this condition, the value f @
can be determined for the analyzed signal. In this case, the following
condition takes place between f and the cutoff frequency f,. of the

signal X (zAt) found by known rnethods
f C 2 f q0 °

At the same time, taking into account that each PBIS is formed by obtain-
ing two impulses on the lower digit of ADC, the previous condition can be
represented as follows:
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fo22f,.

On the basis of this condition, the sampling step for the useful signal
X (iAt) can be chosen in accordance with the following inequality:

A<

2f410

In this case for determining f 4 » 1t 1s necessary to determine the average
period of the impulses of the lower PBIS <T q0> and the average frequency
of their appearances by means of the samples of the analyzed signal after
its conversion and recording in memory the frequency f, by the following
expressions:

Jo = A 2.12)

Then the values (7,,
following expressions:

<T > Zqu and< 0o > ZToqﬂ . (2.13)

To ensure the necessary accuracy of the conversion is provided, it is
expedient to choose At on the basis of the following condition:

P
25/,

Experimental research has shown that in some cases measuring the time
parameters of the lower digits of the PBIS is distorted by the influence of
the error. Thus, in cases where the traditional technologies of the signal
analysis are used, the sampling step can be determined by the frequency
characteristics of the higher PBIS, i.e., by the average values of the
duration of their unit 7, and zero T,, half-cycles. They are also deter-
mined by averaging out the time intervals in accordance with formulas
(2.12), (2.13), i.e.,

>, <T 0g, > can be found in accordance with the

(2.14)
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(Te)= (T )+ (Tow, ) %F%ﬁ% : <T0qk>=%ﬁﬂqk, @13
J= J=

Taking into account that for the random stationary signals under the
normal distribution law the following approximate equality takes place:

<qu>%%<qu>%%<Tq2>%...%%<Tn_l>,

it is advisable to determine A¢ by means of the average period of the
impulses of the higher digits of the PBIS. That allows one to represent the
expression

as follows:

IS ———.
2'2kfk

For example, for the g, th PBIS, the previous formula can be represented
as

At < 1 .
2-2f

(2.16)

For providing the given error of the formula of the determination Af,
(2.15) and (2.16) can be represented as follows:

1

NS —MM

t<(2+5)-2kfk’ (2.17)

Ats— 1 2.18
T (2+5-2f 2.18)

It is obvious that the use of expressions (2.12), (2.14), and (2.16)—(2.18)
allows one to sufficiently simplify the determination procedure of the
sampling step Af.

Let us consider the use of these formulas for determination Az by the
above example. Let us assume that the maximum amplitude of the trapezoid
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signal is 256 mV, the cycle time is 36 s, the duration of the origin-up protion
is 8 s, the duration of the peak is 10 s, the fall time is 8 s, the zero value
time is 10 s, and the 8-digital ADC are used for its conversion.

If we suppose that the frequency conversion of ADC is 1 kHz, the state
of the first digit of ADC changes no more than 128 times because the
amplitude of the signal reaches its maximum possible value of 256 mV for
this time. The state of the second digit changes 64 times.

During the cycle, i.e., for 36 s, the state of the first digit changes 512
times, and the state of the second changes 256 times. It is obvious that the
average frequency of the first digit is 512:36 = 14.2 Hz and the average
frequency of the second digit is 256:36 = 7.1 Hz.

If we use the above-mentioned formulas, for the f ,, th frequency, we get

1 1

At=— = =0.0125s,
5f, 5-142
and for the f, th frequency, we get
1
At=———=0.0125s.
5-2-7.1

So for converting the mentioned signal by means of the 8-digital ADC,
it is sufficient to realize the conversion by steps of 0.01 s, which corres-
ponds to a sampling frequency of 100 Hz.

At the same time, the use of the sampling theorem meets various diffi-
culties for the given signal, and the cutoff frequency appears to be more
than 1000 Hz.

The given example shows that it is quite easy to determine the necessary
sampling frequency taking into account the digit capacity of the ADC by
software processing of the files formed as the result of the conversion of the
initial signal. Thus here, in contrast to the traditional methods, the meteoro-
logical characteristics of the ADC itself are also automatically taken into
account for determining the sampling step. So if the 9-digital ACD is used
for the conversion of the considered signal, the found sampling frequency
is equal to the average frequency of the first digit 1024 : 36 = 28.4 kHz
and the second 512:36 =14.2 Hz. At the same time, the sampling step
At is equal to

~0.0061s,
4
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N D
5:2-f,  5-2:142

At ~0.0061s.

That corresponds to the meteorological characteristics of the ADC, while
this specific property of determining the samples of signal g(iAt) is not
taken into account in practice during the use of the traditional methods.

So the considered algorithm of the position-selective choice of the
sampling frequency is quite simple. At the same time, the meteorological
properties of the measuring instruments are also taken into account. Due to
this property, the sampling step chosen by this method appears to be close
to the sampling step chosen by means of the other most accurate methods.
The software determination of the sampling step Af, according to the
above-mentioned algorithm, can be represented as follows:

1. the initial signal X (z'At) is converted in digital form by the super-
fluous frequency f, during the observation period 7 by means of
ADC and the file of its samples is generated;

2. <T > is determined by Eq. (2.15):

qx
(T, )= (T )+ (Ton )
3. f,, 1s found by Eq. (2.12):

1
Jo =75
(7..)

4. At is determined by the formula

5-2 qu

It is necessary to perform the analysis of the noise E(iAt) of the noisy
signals g(iAt) as the data carrier when solving the problem of monitoring
of the defect’s origin. For this case, A¢, can be determined on the basis of
the following condition:
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Here we take into consideration that the frequency of the lower PBIS
represents the most high-frequency spectrum of the total signal g(iAt).

Taking into account that, according to the model (1.13), the high-
frequency spectrum of the total signal g(iAt) continuously changes in the
process of the evolution of the defect, it is advisable to perform the
determination <TIZ0 > AT O’ZO > , <T q': > by the expressions

4

Tl‘fo =; le‘iw _quomfy) +TI%J’ (2.19)
j=1
1 V4

Tl‘]o :; Zquoj _quqv,y +Tl‘10v > (220)
Jj=1

T, =Ty, + oy, » (221)
foat

99 5T ? (222)

where

j=lsv, v=y+lsv,

» L+T,+T,+1T,
At '

&

v

It is easy to ensure that the opportunity of the adaptation of the sampling
step in accordance with the evolution of the defect appears during the use
of the expressions (2.19) and (2.20).

It is clear that A7, changes gradually by the evolution of the defect. The
spectra of the noise E(iAt) are close to the spectra of the useful signal, and
the steps A¢, and At are the same at period 7).

2.5 Position-Binary Detecting Defect Origin by Using
Noise as a Data Carrier

Let us consider the use of the correlation between the defect origin and the
value of the noise by the position-binary technology [14, 44—46]. As men-
tioned earlier, the values of the binary codes of the corresponding digits
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q, of the samples g(iAt)of the signal g(t) at the beginning of each
sampling step Af are assumed to be equal to

grem(nfl)(l‘At) = g(lAt) ’

where
g(iAt)>2"; g i, (idt) = g(iAr).

Then the signals g, (iAt) are iteratively formed as the code 1 or 0. At
the same time, the samples X (iAt are compared with the value 2" Ag at
the first step. The value ¢, , iAt) is taken to be equal to 1 for
g(iAt)Z 2""Ag . And the remainder value grem(n_z)(iAt) is determined
by the difference

giAt)—2"" Ag = g onr (iA). (2.23)

The sequence of these signals ¢, (iAt) is the position-binary-impulse
signals (PBIS), the sum of which is equal to the initial signal, i.e.,

X(iat) = q, (int)+q, ,(iAr)+ ...+ q,(iAr)+ g, (iar) = X" (iAr). (2.24)

They are reflected as the noise g(iAt) during the defect origin, and the
signal g(iAt) =X (iAt)+ 8(iAt) is formed as the output of the sensor. The
short-term impulses ¢, (iAf), the duration of which is many times less
than the position signals g, (iAt), are formed by influence of g(iAt) in the
representation of g(iAt) by the PBIS. In [19, 20, 22, 23] it is shown that
they can be marked out by the following expressions:

L if qkui—liAt}/\qk(iAz‘)/\qkui+liAt)vqk((i—l)At)/\aiA—t)/\ qk((i+l)At)7
a0, (i80)=1 0, if ¢, ((i=1)A)n g, (ia6) A g, ([ +1)A0)v ¢, ((~1)A0) A g, iA0) A g, (i + 1)),
4 (i =1)a1) n g, (i80) n g, ((+1)A0)v g, (= 1)A7) A g, (iA7) A g, +1)ae),

(2.25)

1if q((i-1)A1)=0, ¢,(iat)=1, ¢, (i +1)Ar)=0,
q:k (iAt): 0 if g, ((i_l)At):%(iAt):‘Ik ((H'I)At)’ (2.26)
~1if q,((i-1)At)=1, ¢, (iat)=0, g, ((i +1)Ar)=1.
The position noises ¢ (iAt) of the noisy signal X (iAt) can be formed
and marked out in the coding process of each position signal by formula

(2.23) and expressions (2.25) and (2.26). It is obvious that their sum is the
approximate value of the samples of the noise, i.e.,
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g (iAt) X q,0 (iAt) +4, (iAt) +4,, (iAt) +ot gy (iAt)

+ - +q77(m ") lAt

m—=1

zan lAt

(2.27)

Then the approximate values of the samples of the useful signal
X" (iAt) can be determined by the difference

X" (int) = gline)-&" (iat) = g(iA

-3 a.0),

(2.28)

At the same time, the estimates of the variance, the estimates of the spec-
tral characteristics of the noise, the estimates of the mutually correlation
function, and the estimates of the correlation coefficient between the noise
and the useful signal can be determined by the following expressions:

_ %i £ (iAF) ~ %Z{Z g (zAt)} (2.29)
: 1 & RN ST
R, (0)= WZ{g(z‘At)— D du (zAt)}{Z qx (zAt)} . (230)
i=1 k=0 k=0
IFIYS YACY] ALY

S R .(0) _ i=1 k= k=0 (2.31)

“ JD,R.(0)  [w[wr | r el 2

> S 0| 3] eli)- S0 1)
R, (0)=—~ Zg(mt)a(zmr% (zAr)leqgk(zAr)} (2.32)

N ) m—1 .
e 0 ;[gom);q%om)}

S (233)

DR, \/Z{

g, (iAt)} Zgz(iAt)
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. = %i £(iAt) cos nw(iAt) = %i {il 9y (iAt)} cosnw(iAt), (2.34)

i=1 i=l [ k=0

i=1 k=0

. = %i e(iAt)sin nw(iAt) = %i {g q. (iAt)} sin nw(iAt). (2.35)

So the process of the defect origin is reflected on the lower position-
binary-impulse signals qgo(iAt), qgl(iAt), qu(iAt), e Gy (iAtS, which
can be marked out by the expressions (2.25) and (2.26) and can be used
for determination of the estimate of the noise 8(iAt by the expressions
(2.29)-(2.35). Therefore, monitoring the defect at its orlgln becornes
possible by the obtained estimates D., R; (0) R (O) L a,,,
and bm8 as a result of the use of the posmon -binary technology Thus, the
real opportunities of timely detection of the origin of the defects leading to
the emergency condition of a diagnosed object appear.

In references [19-23] it is shown that if the condition of an object is
stable, then during time 7" the ratio of the number N, of signals ¢, (iAt)
to the total number N, of positional-impulse signals g, (iAt

Ng 0 NE 1 N‘g(m -1)
K, = K, = v Ky = (2.36)

N‘Iok gk q(m—l)k

is the nonrandom value. At the same time, from the beginning of the process
of the formation of a defect in all positional signals, the number N, is
increased during time 7. Hence, since this time, the magnitudes of the
coefficients K, , K, ..., K, ~will also vary. Therefore, they are the
informative 1nd1cat0rs and they can be used to increase the reliability of
monitoring results when solving the problem of detecting the defect’s
origin.

The performed research shows that solving the problem of monitoring
with traditional methods does not give satisfactory results for a great number
of the most important objects. At the same time, the use of the correlation
between the defect origin and the change of the coefficients K, - K,.
K 4, ---» and other characteristics of the noise obtained by the pos1t10n—
binary technology give the reliable results. For example, analysis of the sig-
nals obtained in the drilling process, in the compressor statlon operatlon,
etc., shows that such characteristics of the noise as D R (0) K

Ve 40>

K @r K ,, contain important and useful 1nf0rmat10n allowmg one to

detect the process of the defect’s origin.
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It is obvious that their use opens great possibilities for solving the corres-
ponding problems of monitoring. As another example, it is easy to show
the possibility of the use of this technology in medicine. The performed
research shows that in many cases the initial stage of the various diseases
has no an effect on both the corresponding signals and the estimates of their
correlation and spectral characteristics. The beginning of the pathological-
physiological processes is simultaneously reflected as the noise in the
electrocardiograms, electroencephalograms, and other signals sufficiently
early. Their detection and analysis also open great possibilities for moni-
toring the beginning of various diseases by means of position-binary tech-
nology.
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