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ABSTRACT

When implementing development concepts in the electric power industry (such as “Smart Grid”, “Digital substation” and
“Qutsourcing of services”), the task of ensuring stable relay protection operations and automation devices is urgent. The problem is
solved according to the developed structural-information (SI) method. A method for selective search of the optimal amount of
structured information for automatic decision-making is proposed. The article discusses an algorithm for recognising scenarios for
the development of semantic events, which is included in the SP-method. The algorithm is applied uniformly for all hierarchical
levels of recognition, based on the goals of decision making at the senior level. Control of the sequence of information events is
performed in the dynamics of the passage of events along one path from all relationships according to the structural-information
model. Part 1 shows a collaborative structural-information model consisting of a shaping tree in a dynamic object and a recognition
tree in devices. A theoretical description of the algorithm is given using the amplitude and time (E,H) selectivity windows in the
general structural scheme of S-detection. The application of the method for different hierarchical levels of recognition is shown. The
decision-making results are presented in two forms, by means of a single semantic signal to indicate a group of results and filling in
the table of the sequence of occurrence of the recognised elementary information components. Part 2 shows the application of the SP-
method at different hierarchical levels of recognition for the synthesis of a selective relay, which implements an algorithm for finding
a damaged network section with single-phase ground faults in 6-35 kV distribution networks with a Petersen’s coil. The reasons for
the unstable operation of algorithms of known selective relays are indicated, based on the concepts of scenario recognition. The
improvement of the structure of a selective relay operating on the basis of the criterion for monitoring the coincidence of the first
half-waves of the mid-frequency components in the signals of transient processes is considered. Examples of the synthesis of elementary
detectors of absolute, relative and cumulative actions in relation to a selective relay are given, which make it possible to fill the
amount of information for general S-detection. The simulation of the operation of the synthesised S-detector on the signals of real
emergency files of the natural development of damage to the isolation of the network phase and simulation of artificial scenarios of
events in the mathematical SI-model are carried out.
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INTRODUCTION This is critically manifested in the conditions of
limiting the amount of input information Q during
short-term, irregular information events in the input
signals Uin(t) of relay protection and automation
(RPA) devices for automatic decision-making [4, 7].

The problem of automatically obtaining
dynamic semantic conclusions is solved by ensuring
the stability of the operation of a selective earth fault
protection relay (EFP) in distribution networks with
a voltage of 6-35 kV and a arc suppression
Petersen’s coil (Fig. 1) [6, 7], [8, 9]. Such an
dynamic object of control and protection (OCP) is
characterised by low currents of EFP, the ability of

The implementation of modern concepts for the
development of the electric power industry implies
the presence of a method of operating with
elementary information components for the shortest
possible receipt of semantic conclusions when solving
problems of automatic decision-making [1, 2], [3, 4].
The use of well-known inertial methods for processing
signal information, based on the representation of input
signals Ui(t) with circular frequencies ®, requires
further interpretation of the results obtained [5, 6].
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high-voltage insulation to self-recovery, changes in
the parameters of selective signals in different
networks, as well as the variety of semantic
situations SN and their scenarios SceN following
during the development of EFP, the presence of third-
party transient processes [4]. The listed properties of
the control and protection object (OCP) lead to the
need to solve the problem of ensuring the stability of
the relay algorithm at the level of recognition of
dynamic semantic events [4].

The time for making a decision Tcheck from the
moment of the beginning of the development of the
EFP to the moment of issuing the resultant signal of
the relay operation, can be very long, e.g.
Tecreck=0.1-1.5 s and can last up to 4 hours [10, 11],
[12, 13], [14, 15], [16, 17]. The time Tcreck Can be
automatically reduced, depending on the meaning of
the events occurring and the possibility of stable
formation of the results of the relay operation [4].
During the time Tcheck, it is possible to develop a
complex sequence and combination of breakdowns of
the EFP at the initiating section of the network,
which can be systematised in the form of an SI-
model.

For example, one of the SceN scenarios for the
development of events according to the Sl-model,
can consist of semantic situations SN:

a) S1 “NM start”;

b) SN “Metal EFP”;

c) SN “Skew”;

d) SN “Short-term short-circuit”; SN “The first
half-wave EFP”;

e) SN “Self-liquidating breakdown of EFP”’;

f) SN “Large values of voltages on healthy
phases of the network”;

g) SN “Occurrence of a number of breakdowns
of the EFP on the damaged section of the network”;

h) SceN “NM termination” [14, 15], [16].

a) SceN “Breakdown of weak points in network
isolation”;

b) SceN “Self-liquidation of the EFP”’;

C) SceN “Transition of the EFP to an undamaged
section of the network”;

d) SceN “Interphase short circuit
disconnection of the section after 0.5 s, 1s;

e) SceN “Transition of EFP to short circuit SC”
and other SceN scenarios.

Part 1 of the article shows that scenarios for the
development of SceN can be described by a
sequence of logical changes in the recognised
elementary situations SN, e.g. Sce/=(S1, S2, ... SN).
A high-voltage power grid can be in a state of one of
the semantic situations SN for a long time.

These SceN scenarios are typical OCP scenarios
and should have their own names. For example, the
scenario Scel0 “Multiple self-destructive EFP” =
(S1 “NM start”, S3 “Self-destructive Peck”, S3
“Self-destructive Peck”, S2 “NM end”) can be
shortened to Scel0=(S1, S3, S3, S2). Such SceN are
included in the training set of EFP alarms for the
synthesis and improvement of RPA algorithms [14,
15], [16].

In Part 1, it is shown that the problem being
solved has insufficient information, regarding
volume Q for the stability of automatic decision-
making during recognition [3, 4], [5]. OCP should be
described as a dynamic object with sequential
consideration in the steps of n, n+1, N used to develop
elementary information events [4].

To eliminate the causes of unstable operation of
the selective relay [4, 19], a structural-informational
(SI) method proposed, based on two theorems: “On
the presence of a semantic signal in relay protection
and automation devices” and “On the unity of the
description of structural diagrams in relay protection
and automation devices” [4, 5]. Sl-method operates

with
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Fig. 1. An example of a typical RPA scheme of motor AD one of the sections of the 6-35 kV network.
Representation of information flows during the formation of a semantic signal S(t)
in the ASNOM system

Source: compiled by the authors
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linguistic variables, for the sake of accuracy, specific
names, abbreviations, abbreviations, chains of
constituents, as well as logical relationships between
them, are indicated in the text.

Furthermore, the paper shows the application of
the SceN scenario recognition algorithm in the
selective search (SP) method for the optimal amount
of information Q for decision-making. The
algorithm is applied uniformly for all hierarchical
levels of recognition: sensor, relay, terminal, and
SCADa.

ANALYSIS OF LITERARY DATA.
IMPROVEMENT OF THE ANALYSIS OF THE
STRUCTURES OF THE ALGORITHMS OF
SELECTIVE PROTECTION

In previous publications, the W-structures of
algorithms for detectors of known RPA devices were
compiled and an analysis of their capabilities was
given [4, 5], [6]. It is shown that the well-known
RPA recognition algorithms are often based on the
analysis of only one or several SN situations, to
which the variety of development of the process of
insulation damage in the network is reduced [19]. In
other SNs, the algorithms are blocked and do not
recognise the change of SN and SceN scenarios. This
causes the algorithms to detect the resulting root
symbol S of the generalised recognition tree (GES)
of devices with a limited number of elementary
information components but insufficient selectivity
and operational stability for operational practice
(Fig. 2, Fig. 3 and Fig. 4 of Part 1).

Considering the most common reasons for the
instability of the operation of the known algorithms
for determining the damaged section of the network
during EFP (based on the task of detecting SceN) in
more detail:

a) The initial level of TS formation. During the
development of the known selective relays, the most

I " MorphA ™\ /~— SyntAN\~ SemA !

attention was paid to the operation of the Un(t) input
signal filters. The formulation of the main task of the
filters (to isolate selective components) turned out to
be insufficient. Therefore, the use of signal filters
based on the concepts of circular frequency ® should
be limited to the task of eliminating higher
frequencies relative to the selective interference
components in the signals Un(t) in order to
minimise the filter inertia.

In the known relays, to fill the amount of
information Q, a cumulative time-pulse criterion is
used which, which during the time Tcugc controls the
excess of the selective signal level of the set value of
the threshold element with hysteresis. But, according
to the simulation, the criterion is effective only in
the case of a regular repetition of semantic events
specified in the relay. However, with short-term
irregular events, the criterion does not correspond to
the problem being solved [10], [11, 12], [13, 14], [15,
16], [17, 18], [19, 20].

In the MorphA machine, detection is performed at
one point by synchronous phase detectors (SFD), there
is no selectivity-time H-window. The minimum
number of rules for blocking the PB of the algorithm is
implemented, or the rules of the PB may be absent.
There are no TS sensors for the formation of primary
elementary  additional, verification, confirming
information. There are no PB rules for controlling the
beginning and the end of the transition process in the
OCP.

Methods for assessing the sufficiency of
individual TS and NTS elements, for the recognition
problem in a particular OCP, have not been
implemented. This will not allow adjusting relay
algorithms based on operating experience and
expecting robustness of detection. The absence of a
difference in SceN leads to false alarms of unlocked
relays in undamaged sections of the network at the
beginning of the development of the processes.
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Fig. 2. Block diagram of a synchronous relative action SFD detector with =,H-selectivity windows
Source: compiled by the authors
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b) The level of formation of SN situations. The
operation of the relay algorithms is blocked after the
initial selection of only one SceN scenario, other
informational events are not considered. In the case of
other SNs, when damage develops in the OCP, the
algorithms are blocked and do not recognise the SN
change, SceN scenarios. All SNs differ in their
residuals, after the initial selection of only one SceN
scenario, the others are not considered. The same
happens in all intact areas of the OCP.

c) The scripting level SceN. When a significant
part of the non-selective operation of RPA devices
occurs, the lack of the necessary amount of
information Q for decision-making is critically
manifested. This is a consequence of the limited or
lack of appropriate PN rules in the recognition A
algorithms.

Consequently,  such  algorithms  cannot
distinguish between most of the semantic SN and
SceN scenarios. At the same time, the available
information in the input signals Un(t) and partially
recognised information in devices in cases of
interruptions in the development of EFP, are not
used (Fig. 1) [4, 20], [21, 22], [23, 24], [25].
Modelling of the relay algorithms shows that a
change in SN, SceN allows the extraction of
additional information and uses additional Papp rules
in recognition algorithms [26, 27], [28].

GOALS AND OBJECTIVES OF THE
RESEARCH

In Part 1 of the work, it is shown that, in order
to increase the stability of the RPA devices, it is
necessary to use all of the available information Q that
can be obtained during the operation of the RPA
devices [22, 24], [24].

For this purpose, it was necessary to solve the
problems of forming an additional volume of Q by:

a) using the theoretical description of SI-models
based on the recognition of elementary information
components in  Un(t) signals with irregular
information events;

b) implementing block diagrams of devices,
based on methods of dynamic recognition of U(t)
signals;

C) forming accumulated information
redundancy during signal processing, to eliminate
recognition errors. It is known that the redundancy
of information allows working with distortions,
extraneous signals, interference, etc;

d) transfer of information about the amount of
information Q to the higher information levels of
recognition by means of the weight coefficient KN;

e) minimisation of the complexity of synthe-
sised structures and recognition algorithms;

f) taking into account the influence of different
operating conditions of specific sections of the OCP,
when introducing devices with the same algorithms.

The synthesis of the recogniser algorithm
should be focused on recognising the SceN scenarios
at all hierarchical levels of the recognition tree, in
the general hierarchy of signal generation processes
in OCP.

The aim of the work is to synthesise methods
for obtaining an additional amount of information Q
to eliminate the causes of violation of the stability of
recognition with dynamically changing information
and automatic decision-making in selective protection
devices OCP (see Part 1). To eliminate the causes of
instability, you must, cases of similarity of basic SN
situations with jamming, unrecognisable SNs in
structure and content should be highlighted first of
all [27, 28]. Also, the specifics of the operation of
the same algorithm in the dynamics of the
development of processes for undamaged sections of
the network should be taken into account. Signals
from undamaged areas can have unexpressed
informational components, which, with further
development of the EFP, can lead to unlocked relays
to unstable operation (Fig. 1). Therefore, it is
important to systematise possible SceN scenarios
and their typical change for intact sections of the
network.

And also, when operating at long time intervals,
the recognition algorithm should be able to take into
account the total and accumulated amount of
information Q for each specific relay in the
dynamics of the development of the transient
process.

RESEARCH METHODS: SYNTHESIS

To synthesise the structure and algorithm of the
selective relay of protection against EFP, we will
consider the synthesis of criteria for dynamic
recognition of SceN scenarios, SN situations (Fig. 7
of Part 1). We will focus on the S-filtering of
structural dynamic events in the signals U(t) of
transient processes in the network, to isolate
selective and blocking TS elementary information
components.

In Part 1 of the work, a criterion for the
selectivity of RPA devices for dynamic objects is
formulated, based on the delegation of S-detection
of SceN scenarios from the upper hierarchical level
to all subordinate levels. The criterion of selectivity
being developed is named as “Selective search SP of
the optimal amount of information Q to determine
the damaged section of the network”.

Also in Part 1, an assessment is made of the
conditions of need and sufficiency of the amount of
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information were assessed Q are evaluated for
automatic decision-making when the semantic S-
detector is operating. The result is the recognition of
SceN scenarios for the dynamic development of SN
semantic situations. The possibility of disconnecting
the damaged section of the network, forming the
protocol of the relay operation, is determined.

Control of the sequence of occurrence of
elementary information events is performed by = H-
windows of selectivity for amplitude parameters “=”
and time parameters “H” by tracking the motion of a
point attractor (Attr) along the trajectory of
development of the signals Ui(t). As a result, the
sequence of appearance of TS, NTS in the chain of
events, is formed.

The recognition decision is made on the basis of
the formation of a semantic signal S(t), which
reflects the passage of elementary information
components through the GES structural schemes. In this
case, the passage is allowed or blocked by the
corresponding =,H-window (Fig. 3).

As a result of the consistent application of the
method, it turns out that at the initial hierarchical
level of Morph, its own =,H-windows work, for the
older SyntA, its own E,H-windows work, and so on.
To a higher hierarchical level, data on the achieved
value of the amount of information Q is transmitted
by weight coefficients KN in the range, for example,
KN=1-5, depending on the completeness of the
development of selective components in the input
signals U(t).

The S-detector produces one of a series of
responses with the corresponding resulting weights
KN. This makes it possible to combine S-detectors of
lower hierarchical levels into sequential chains by
means of a common semantic signal S(t) at different
hierarchical levels of recognition: morphological,
syntactic, and semantic.

The synthesis method for the algorithm for
accumulating a sufficient amount of information Q
is implemented as follows. The high frequency
recorder (VCR) records the real OCP signals in the

emergency files. SN, SceN are detected, with
operational errors in the elementary and general
criteria of relay actuation. The relay signal posters
show the recognition of the path passing from one
SceN scenario to another, according to the GES
recognition trees. The errors found are eliminated by
improving the PS selective and PB blocking rules in
the generalised equivalent tree of GESgea device
recognition.

During operation, the relay itself generates a
protocol for operation with the results of triggering
elementary information events and fixing the Uin(t)
signals. If necessary, such a protocol and the quality
of the relay algorithm can subsequently be checked
remotely when the received signals from the
emergency files are submitted to the mathematical
model of the relay in CAD in manual or automatic
mode. Based on this, storage devices and
information transfer channels are initially used in the
design of devices. Thus, the concept of development
of the electric power industry “Outsourcing of
services” is implemented [4, 5], [27].

RESEARCH MATERIALS. DELEGATION OF
THE SCENE RECOGNITION METHOD TO
THE INITIAL RECOGNITION LEVEL

A block diagram of a selective relay can be
synthesised, implementing the introduced operation
criterion. Let us consider the construction of
elementary amplitude (AD) and synchronous SFD
phase detectors for filling the volume Q when
implementing the method of S-detection of the
available signal in a selective relay.

The block diagram of the relay and the S-
detector algorithm is built on the basis of a
sequential, hierarchical nesting of the structures
described in Part 1 and Part 2 of this work.

a) Choose the central point of the hierarchical
levels of recognition, the GESrpa scheme (Fig. 4, Fig.
5 and Fig. 6 of Part 1). The synthesised S-detector
circuit is a series connection of a selective S-filter

TS, NTS _
 PST Ks=s GESsrp
P 15 “TS-MFC3io+" > >
S “TS-MFC3io - PS2  KS=5 2| Sror(t) KN=10-70
> [ Ts“TSMFcsior ] 2| Sror(t) | _ St
PS3  KS=10 <Q g \ S = SFD !
o |- B TsTS-MFC3uo+ N ,
oL oM . PS4 _ KS=10 2 |25
Ol > TS TS-MFC3U0" e >m—p 2| £ 2| ress s 5o,
o © | S| PsSB, KSB=70
o PBL _KB=10 [ 2 |3
ﬂTSl “Windowl-p1-MFS-5ms” =z
_ i PB2 _ KB=15 “QE * SNTf(t)=KN(pN)*
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Fig. 3. The semantic part of the synchronous-phase type S-detector
Source: compiled by the authors
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and a multi-threshold element pN. In Fig. 2, Fig. 4,
Fig. 5 and Fig. 7 of Part 1, shows a block diagram of
a general S-detector and an algorithm for its
operation, which includes different levels of the
recognition hierarchy. The SceN scenario detector is
added to the S-filter structure in Fig. 7 of Part 1.

b) Consider the construction of a general
structural diagram of a selective relay towards the
senior and lower hierarchical levels of recognition
GESSCADA= =2GESRPA=ZGESTS (Flg 5 of Part 1)
For example, in Fig. 1 of Part 1 and in Part 1 of Part
2 shows the construction of the general structural
diagram of the relay towards the senior hierarchical

level of recognition (semantic level)
GESterminaL—GESscaba—GES asnom. In the
direction of the junior hierarchical level

(morphological level), the construction of the circuit
is shown in Fig. 5 of Part 1, which show the GES+s
circuits and the algorithm of the amplitude
elementary detector using the example of selective
high-medium frequency components (HFC-MFC) of
Uin(t) signals.

c) The form and result of the common Z,H-
window, and the presence of the output threshold
element pN in the S-detection algorithm of SceN
scenarios, are shown in Fig. 6 of Part 1.

At this level, as well as at each, hierarchical
level of the S-detector operation, a semantic signal is
formed S(t) is formed, which is controlled by the
multi-threshold element pN (Fig. 1, Fig. 2, Fig. 3

4 Un@®

and Fig. 4). When the element pN is triggered, the
result is assigned the corresponding weighting factor
TS=KN*pN. There can be, for example, five values
of the coefficient of significance of the result KN
from the range K1=5...K1=100 (Fig. 1). This makes
it possible to take into account the significance of
the result for its use at a higher level of recognition
and transfer of significance to the upper level of
recognition by accumulating the signal level S(t).

d) When synthesising the SP-algorithm, the
greatest attention is paid to the recognition of SN
situations and scenarios SceN “Not associated with
EFP”, SN “Extraneous processes”, and SN
“Interference”. In the rest, the situation SN, not known
to the automaton A, will be defined as SN
“Unrecognisable”. The reference to this SN is the
basis of recognition theory.

For example, in the structure of the well-known
relay in Dudarev (1978, Ukraine) [19], the main
selective criterion is “Comparison of the signs of the
first half-waves of the mid-frequency components
3i0, 3uo0”.

Let us consider the synthesis of elementary
information sensors TS of the initial hierarchical
recognition level, based on the tasks set. Detectors
of absolute, relative and cumulative actions are
widespread. It is known that when processing
information, the most stable working is the sensor of
relative action.

General shape of the selectivity
=,H-window for SFD

7 L

S(t) STS-BIO(t) '_l/_f' .

\ A t, ms
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Fig. 4. The principle of operation of the synchronous-phase type S-detector circuit
Source: compiled by the authors
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The cumulative action sensor is used when it is
possible to organise the observation time. The
absolute action sensor is the least noise-resistant and
is used when there is no possibility to apply other
methods.

SYNTHESIS OF A RELATIVE
ELEMENTARY S-DETECTOR

Any directional relay is built according to the
relative method of information processing, which
allows comparison of the information “3io” and
reference “3uo” input signals Uin(t) (Fig. 2). Let us
consider the description of the semantic S-detection
algorithm for the implementation of the relative
action of the phase-synchronous detector (SFD) and
for the formation of the E,H-selectivity window
“Duration of the first half-waves of the HFS-MFS”
or “H,+310,+3u0”.

To compare the coincidence of the signs of the
information components of the first half-waves of
positive +3io, +3uo or negative —3io, —3uo, the
internal structure of the relative detector is divided
into the corresponding two parts. Consequently,
such a general structure of a synchronous detector
SFD will be preserved for all relay algorithms in
view of the generality of concepts: elementary
information components, a relative way of
comparing information Unrorm and reference
Usuerort Signals (Fig. 3), as well as filters for
preparing input signals Uin(t) (Fig. 4 of Part 1).

Figure 3 shows the syntax level SyntA of SFD
recognition. The trajectory of motion of the point
attractor Attr “SFD”, according to the resulting
semantic signal Sseo(t), is controlled by the
corresponding =,H-windows of selectivity SFD, as
shown in Fig. 4.

The result of the work of the semantic signal
Stssep(t)  operation of this S-detector SFD s
cumulative until a decision is made. This makes it
possible to implement multi-point SFD detection
and prepare information for decision-making at the
higher hierarchical levels of recognition. Resulting
signal Srssep(t) is estimated by a number of
threshold values (e.g. pN, N=1..5) and weight
coefficients (KN, N=1...5), corresponding to the
achieved significance of the result KN=K1IN*K2N
when issuing TS “TS-SFD”.

Improvement of the structural diagram and
operation algorithm of this main selective S-detector
SFD in the relay concerns the formation of
information components (TS) for the comparison
circuit “x” and obtaining the results of the operation
of the structural blocks “Z,H”, based on ensuring the
stability of the relay in real operating conditions

(Fig. 4).

SYNTHESIS OF ELEMENTARY
AMPLITUDE S-DETECTOR

Amplitude detector AD is the initial TS symbol
when detecting occurrences in the input signals
U(t). Its task is to prepare the initiating TS for
starting the sequence of =,H-selectivity windows.
Other absolute action TS information sensors are
constructed in a similar way. In Fig. 5 shows the
scheme of the beginning of the recognition of the SN
situation in the SceN tree, which describes the work
of the morphological automaton MorphA (Fig. 3 of
Part 1). The scheme of the semantic automaton
SemA is shown in Fig. 6.

Let us consider the synthesis of an algorithm
for semantic S-detection of AD amplitude
components for the formation of the =Z,H-window
“Two amplitude thresholds and one time window”
or “2E,H”. To protect against signal interference,
elementary S-detectors are blocked in the initial
state. The AD algorithm begins with a history,
which is the SN situation “Normal mode. Start”.
Only the “Initiating” amplitude selective Z-window
operates in the AD detector. Its task is to prepare the
“Initiating” TS for launching a sequence of E,H-
windows of selectivity. Further, on the leading edge
of the triggering terminal symbol TS1 “MFC-
Threshold-pTS1”, the NTS2 window “MFC-
Window2=+-H-pTS1-Waw1” opens.

Furthermore, in the designation of the TS name
“HFC 3io+/—, at the place of the first sign position, an
increase in “+” or a decrease in “—, is indicated
based on the trajectory of motion of the point Attr
attractor of the signal Uin(t) and the considered
selective component (Fig. 5).

For example, scenarios Scel “The trajectory of
motion of the point attractor Attr along the rising
edge of the input signal Un(t) exceeds threshold
No.1 in the Z-window “Initiating””. The algorithm
identifies the following sequence of events namely.

Upon the fact that the signal Uin(t) exceeds the
threshold “MFC3iot/+, threshold No. 17, TS
“Initiating” is formed, then two-time H-windows are
formed with a duration of twinoow=5 ms for the rising
edge of U(t) and with a duration of “H” ... This leads
to the appearance of TS “MFC+/+, threshold No. 2”
during the duration of twinoow, then TS “Resulting”, TS
“MFC3iot/+” is formed. The appearance of these TS
forcibly closes the Z=-window “Initiating” and,
accordingly, to the closure of the temporary part of
the H-window “Initiating”. If the value of the signal
Uin(t) does not exceed the amplitude Z-threshold
No. 2 the TS “Initiating” symbol is not formed, and
the Z,H-windows are self-closed.
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Fig. 5. Formation of signals at the control points of the GES+s circuit of the information sensor of
the middle frequencies TS “TS-MFC”

Source: compiled by the authors
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Fig. 6. Semantic automaton scheme SemA in the GESts scheme of the sensor “TS-MFC”
Source: compiled by the authors

In case of further correct development of the first
half-wave of the signal Uin(t) in time t, the trajectory of
the Attr attractor “HFC-MFC” will decrease in
amplitude. In this case, additional TS “HFC3io+/-,
threshold No. 27, TS “MFC3io+/—, threshold No. 1~
are formed.

The values of the thresholds pN for these sensors
can be selected according to Fig. 5, for the signal of
the damaged portion of the OCP. The values of the
prsN thresholds are selected based on the maximum

sensitivity of the relay. To ensure the quality of
recognition, it is predominantly chosen so that the
largest possible number of thresholds prsN is formed.
Signals Uin(t) of undamaged network sections will
lead to a signal increase S(t) that is obviously
smaller in magnitude and in speed.

As a result, in contrast to the known amplitude
detectors, when one TS is formed in the S-detector
and only along the rising edge of the input signal Uin(t)
during the operation of the S-detector AD, five
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additional TSs are formed. This makes it possible to
increase the number of gradations by a factor of 5,
when generating the signal S(t) for this part of the
dynamic detection process.

The overall result of the dynamic operation of the
S-detector AD with absolute action for the selective
frequency components of the HFC-MFC is four:
“MFC3io+”, TS “MFC3uo-", TS “MFC3io-", TS
“MFC3uo—". Modelling shows that for making a
decision in a selective relay based on the operation of
only the amplitude AD there are clearly not enough
gradations or the amount of information Q. For the
stable operation of the relay, it is necessary to form a
much larger number of gradations. This is realised by
the combination of work of the GESts, GESgea,
GESasnowm circuits.

SYNTHESIS OF STORAGE
ELEMENTARY S-DETECTOR

The algorithm of cumulative area calculation is
necessary to reduce the cost of the error in the
operation of the threshold elements prsN in the TS
sensor “E+/— (Fig. 4 and 5). The area sensor TS
“[E,H” 1is an inertial, accumulative structural
element which can have a relatively large value of
the KN weighting coefficient of the significance of
the result, among other selective TS, but less than
the synchronous TS. The size of the accumulation
area [(E,H) is estimated by a multi-threshold
element pN, for example, with five thresholds N=5
and corresponding KN weights. Thus, the GESts
scheme with the Grs grammar includes a number of
time-cumulative elementary TSs, which make it
possible to estimate the real area f(£,H)=[(E,H) of the
input dynamic signal. For example, HFC-MFC of the
resulting signal S(t).For example, the selective storage
sensor TS “Signal Half-Wave Pulse Area” is
designed to control the area of the amplitude of the
high-frequency component of the HFC-MFC signal
of the input coordinate Uin(t) (Fig. 5). This allows the
generation of six additional gradations of the signal
S(t) for the input coordinates ULin(t), U2i(t),
namely “32,3H”. TS “/E,H” is formed upon
exceeding the burnout f(Z,H)=((Z,H)>pN.

The criterion of selectivity TS “[Z,H” consists
of several components, namely:

a) the difference between HFC-MFC on the
damaged and not damaged sections of the network;

b) inconsistency of the areas of single impulse
noise of the area of the MFC;

c) the influence of the change in the HFC on the
area of the MFC becomes significant due to the
faster and fading changes in the HFC (analogue of
low-frequency filtering during integration).

The result of the algorithm for calculating the
J(E,H) area participates in the formation of volume
Q (size and area) of the semantic signal Srs(t).

The method of calculating the real area of the
HFC-MFC of the input signal Ui(t) is performed
within the time selective window “H” (Fig. 5). It
consists of an adder of time samples, for example,
from the values of the ADC and the duration of the
sync pulses in the Programmable Logic Device. This
is equivalent to integrating the HFC-MFC of the
input signal U(t) over the time window interval
“H”.

In other words, the method for indirect
calculation of the area can consist in controlling the
amount of input information to estimate the shape of
the f[HFC-MFC area by control points, namely, by
exceeding the preset values of the two parts of the
amplitude Z-window of selectivity and duration
“H”. The Z,H-selectivity windows are calculated
proceeding from the values of the thresholds prsN of
the actually attainable fJHFC-MFC area of the input
signal Ui(t).

The maximum weight will correspond to the
area of the overall selectivity window “(Z,H”,
described by the setting points of the window,
namely “Area No. 17, TS1, TS3, NTS “Duration No.
17, TS4, “Duration No. 2”. When the window is
closed, the result remains about the weight of the
coefficient KN of the reached threshold pN when
estimating the area of the signal Srs(t).

It is possible to implement control of the signal
area Un(t) within other points of the “Area No. 27,
TS1, TS2, NTS “Duration 1” window, and similarly
to the points “Area No. 37, TS1, NTS “Duration 1”.
This implementation is simpler, it uses the existing
elements and additional two thresholds “Z,H” prs4,
pTsd.

EXAMPLES OF SYNTHESIS OF TS SENSORS
OF THE INITIAL HIERARCHICAL
RECOGNITION LEVEL BASED
ON E,H-WINDOWS

To implement the developed method of
selective search SP of the amount of information Q
when detecting SceN scenarios, let us consider
examples of the synthesis of elementary information
sensors TS, in relation to the improvement of known
detectors of selective relays [4, 10], [11, 13], [14,
15], [16, 17], [18, 19], [20].

Fig. 5 shows the shape of the amplitude =,H-
window “[(HFC-MFC)” and the shaper of the HFC—
MFC signal STs.cqc(t).

The application of the considered methods
makes it possible to form different information
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sensors TS of absolute action and to obtain in
aggregate 12 gradations of the signal S(t), namely:

a) The sensor TS “Amplitude value of HFC—
MFC”. Designed to control the magnitude of the
amplitude of the high-frequency components HFC—
MFC of the signal of the input coordinate Un(t) with
the thresholds pN, N=1,2... This allows us to form
four amplitude gradations of the signal S(t) i.e. TS1
“MFC-Threshold-pTS1”?, TS2 “MFC-Threshold-
pTS2”, TS3 “MFC-Threshold-pTS3”, and (optional)
TS4 “MFC-Threshold-Dop-pTS4”.

b) Sensor TS “Rate of rise of the first half-wave
of HFC-MFC”. 1t is intended to control the rate of
rise of the front “Z+/—" of the pulse signal Un(t) of
the high-frequency components of the HFC-MFC
signals of the input coordinate Ui(t) in the form of
an amplitude — frequency correspondence (Fig. 7 of
Part 1). This allows the separation of the slow
frequency component. In other words, the work is
equivalent to a low-pass filter but without using the
concept of angular frequency o.

The control is performed using two related
prsl, prs2 thresholds and the selectivity Z=,H-
window. The criterion for the formation of TS is the
value of the amplitude of the input signal Ui(t) or
the point Attr attractor exceeding two consecutive
thresholds prsl, prs2 during the control time twinoow.
Additionally, it allows the generation of two
gradations of the signal S(t), namely NTS2 “MFC-
Window2Z=+-H-pTS1-Wawl”, and TS2 “MFC-
Threshold-pTS2”.

Works as a semantic S-filter with a multi-
threshold decision-making element pN. Implements
an approach to the description of Un(t) signals as
impulse, single, rare events, combined into semantic
situations SN, scenario trees SceN, described by
recognition trees in the form of GES schemes.
Implements part of the GESasnom dynamic
recognition tree schema (Fig. 1).

The algorithm for the formation of TS “Rate of
rise of the First Half-wave” is the following: “If the
value of the signal amplitude Un(t) exceeds the
threshold prsl, then TS1 “MFC-Threshold-pTS1” is
issued, then this leads to the appearance of TS1, this
fact opens the Z-window NTS2 “MFC-Window2Z=+-
H-pTS1-Waw1l”. If, during the duration of the
window “H”, the rising edge “Z+/-" in the signal
Uin(t) continues to develop and exceeds the threshold
pts2, then the window is forcibly closed and TS2
“MFC-Threshold-prs2” is issued. In cases of
inconsistencies in the development of processes in
the OCP and the point attractor Attr by the signal
Uin(t) does not correspond to the rate of rise of the
parameters E,H-window in amplitude or in the value
of the threshold prs2, then =H-window NTS2

“MFC-Window-2Z+-H-pTS1-Wawl” self-closes at
the end of duration “H” and TS2 “MFC-Threshold-
pTS2” is not issued. Therefore, the resulting TS
“TS-MFC” will not be generated. In this case,
further recognition of the SN situation will follow a
different SceN scenario.

The duration of the H-window can be determined
from Fig. 5. For example, twinoow=0.5 ms with a
duration of 1 ms of the first half-wave “WAW?1” of the
input signal Uin(t), based on the signals from the alarm
files of the VCR recorders. This allows the algorithm
to be adapted to specific operating conditions.

This algorithm is similarly applied to the
formation of the low-frequency TS “LFC Signal
Rise Rate”. Sequences of = H-selectivity windows
are used for each TS, NTS, SN, SceN.

c) The sensor TS ‘“Synchronisation by the
presence of HFC-MFC. Blocking 5 ms”. This was
designed to control the correspondence of the
amplitude value of the first half-wave of the HFC—
MFC and the low-frequency LFC 3uo signal U(t).
In the case of the presence of HFC, but the absence of
LFC, the detector is blocked for 5 ms, i.e. until the
next possible appearance of the LFC half-period. This
makes it possible to control the possibility of the
subsequent transient process in the OCP in the next
half-period of the LFC “ZE+/—, upon the appearance of
TS “LFC15V” at the beginning of the transient
process.

d) The sensor TS “Rate of Decrease of the First
Half-wave of HFC-MFC”. This was designed to
control the cut-off of the high-frequency components
of the HFC-MFC pulse of the input signal Ui(t) (Fig.
5). It allows the formation of one gradation of the
signal S(t), namely NTS3 “MFC-Window3=—+H-
pTS2-Wawl”. This TS works according to an
algorithm similar to the formation of TS “Rate of rise
of the first half-wave of the HFC-MFC”. TS is built
on the basis of control of the cut-off “E—/+” of the
pulse input signal with two thresholds prs2 and prsl.
Slice “Z—/+” is formed after passing the maximum
value Un(t). The formation of TS allows us to launch
= H-windows of selectivity of control of the second
half-wave.

e) The sensor TS “Duration of the First Half-
Wave HFC-MFC . Designed to control the duration
of the first half-wave of the HFC-MFC signal U(t).
This is an analogue of the sensor for monitoring the
frequency of the HFC-MFC signal. The Z,H-window
of selectivity “Form HFC-MFC” is formed.
Formation is started by the appearance of TS “HFC-—
MFC, threshold-pTS1”. If the signal Srs.cuc(t) is
within the-window duration, i.e. less than the “HFC-
MFC, threshold-pTS3” TS within the H-window, then
the TS “HFC-MFC” signal is issued.
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On the front of the first half-wave “MFC3i0”,
the E,H-window “Amplitude window, threshold No.
1” window is launched. The rate of rise of the edge
signal is controlled by the TS sensor “Amplitude
Window”. The window opens when TS “Exceeding
two thresholds in amplitude during the window in
time” or “2E,H” appears. The window controls the
duration of the first half-wave in time “H”. This is
analogous to the allowable bandwidth of the U(t),
signal, if it were a stable sinusoidal signal with ®.

In the case of poor-quality formation of the
HFC-MFC slice, the slice window “Z—/+” is not
formed and, as a consequence, this TS with its
weighting coefficient KSN, KBN is not added to the
general semantic signal S(t). This reduces the
magnitude of the signal S(t) but has no overall
blocking effect. Furthermore, on the edge of the
HFS-MFS signal, the “E+/-” window is launched
and TS formation is completed.

During the duration of the H-window, each new
sample time (for example, an ADC sample or an
internal PLD clock) is assigned its own weighting
coefficient KSN, KBN. This means that the more
such samples there are, the greater the difference in
the magnitude of the signal Srs(t). Counting the
number of such pulses controls the duration of the
“Amplitude” or Z-window. With a circuit
implementation, it can be limited to counting in the
event counter, then the time criterion of selectivity is
used, i.e. “During such a number of pulses, the
selectivity of the criterion will be high”.

Furthermore, the trajectory of motion of the
point attractor Attr of the signal of the input
coordinate Uin(t) decreases and a cut “Z—/+” of the
pulse of the first half-wave of the HFC-MFC signal
Un(t) is formed.

f) Sensor TS “Rate of rise of the Second Half-
wave of HFC-MFC”. Designed to control the
magnitude of the amplitude of the second half-wave of
the HFC-MFC signal U(t). It has the opposite sign in
comparison with the first half-wave or “=-/+”, checked
by the corresponding zone of the selectivity window.
If the second half-wave is greater than the threshold
prs4 of the window “Z”, then TS “HFC-MFC,
threshold No. 4” is issued.

Additionally, it is possible to organise a similar
application of the algorithm for the operation of the
E-selectivity window AD for the second half-wave
of the signal of the input coordinate 3io(t). Although
the second half-wave does not have selectivity for
detecting a damaged network section and does not
participate in SFD detection according to the GESgrpa
scheme, the general sequence of events during
recognition corresponds to the correct development of
transient processes in the OCP. Therefore, the second

half-wave is additional information for sense
recognition. It can be considered that this is a
generally synchronised event that follows in
dynamics. Since the amplitude of the second half-
wave 3io(t) can be small, then one amplitude
threshold TS “MFC3io+/+, half-wave No. 2” can be
formed or no TS can be formed.

For networks of short length, the second half-
wave turns out to be rather large, therefore, the full
algorithm of the selectivity = ,H-windows ‘“2=,2H”
is applied. Thus, the volume of information Q will
be filled with additional TS, or even four additional
TS.

i) Sensor TS “The ratio of the amplitudes of the
half-waves of the HFC-MFC . Designed to control
the magnitude of the amplitude of the second half-
wave of the input coordinate signal U(t), which
must be less than the amplitude of the first half-wave
of the HFC—MFC component.

To control half-wave No. 2 of the HFC-MFC
signal, a selective window “~E,~H” is implemented.
The estimation of the presence of the second half-
wave is an additional check of the transient signal
shape in the OCP. This allows improvement of the
quality of the difference between HFC-MFC from
single impulse noise. However, in inertial OCPs, the
development of only the first half-wave of the HFC—
MFC signal is possible.

RESULTS OF STUDIES. EXAMPLES OF
SIMULATION OF S-DETECTOR OF
SCENARIOS IN REAL TIME

The purpose of CAD modelling performed on
the joint SI-model of TS information sensors and the
OCP object (Fig. 3 of Part 1), is to synthesise the
required quantity and quality of operation of the
elementary and general S-detector of SceN, with the
elimination of possible causes of errors.

The capabilities of CAD for modelling the
processes of obtaining semantic information and the
development of built-in blocks of expert systems are
used [22, 23], [24, 25], [26]. This makes it possible
to test the ability of the algorithm to distinguish
some SceN scenarios from others, before using the
relay. The ability of the algorithm is assessed by the
amount of information Q achieved at the time of the
decision to issue a result at all hierarchical levels of
recognition in the GES schemes, performed by
evaluating the value of the signal Sse(t) to control the
attainable and required amount of information Q
during the observation time Tcreck (Fig. 7). For each
hierarchical level of recognition, its own value of the
amount of information Q, sufficient for making a
decision at this level, can be achieved.
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To do this, the CAD signals the control sample
to the model of the relay algorithm (Fig. 7, Fig. 8
and Fig. 9). Shown are the relative ratios of signals
on the time axis t similar to the presentation of the
emergency files of the recorders. The accumulated
examples of modelling posters with identified errors
are used in the synthesis of the selective search SP
algorithm of the optimal amount of information Q
for making a decision. First of all, we will focus on

3io(t), damaged network section

a ”

Outputs of elementary AD, SFD
at the control points
of the S-detector

automatic decision making in cases of conflict SN
situations and SceN scenarios.

The scenario SceN “Disconnection of a network
section by overcurrent protection of overcurrent
protection during the transition of SPG to SC” may
not lead to the selection of the damaged section
during EFP, but can only indicate the final
development of the damage after a certain time

(Fig. 7).

S(t), damaged network section

3uo(t), common sync signal

b

e

Fig. 7. Modelling of SN in real time of 4 sections Z4.
SN “Breakdown of the EFP in the damaged sections Z”:
a—input signals 3io(t), 3uo(t), resulting signal S(t);
b — signals at the control points of the S-detector

Source: compiled by the authors

S(t), damaged network section

3io(t), damaged network section

AN
3uo(t), common sync signal

« b

Outputs of elementary AD, SFD
at the control points
of the S-detector

Fig. 8. Modelling of SN in real time of for 4 sections of the ZN network SN “Pecks EFP”:

a — input signals 3io(t), 3uo(t), resulting signal S(t); b — signals at the control points of the S-detector
Source: compiled by the authors
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Another of the conflict scenarios for the
development of the EFP Scell “Self-liquidating
breakdown of the EFP and the development of the EFP
in the area with weakened insulation” may be as
follows (Fig. 8). The development of the scenario is as
follows. An initiating SN “Breakdown of the EFP”
appears and, for the relay of undamaged network
sections, the SN situation “Signal value 3io is small” is
recognised. Furthermore, for undamaged sections of
the network, the SFD detector will be blocked.
Blocking of the SFD detector is performed by the
presence of TS “LFC 3uo0” and remains blocked until
the end of SN “Checkout time”, which is necessary to
determine the completion of transients. When the
situation SN “EFP breakdown on another network
section after s elf- liquidation of the initiating EFP
breakdown” appears, the relay remains locked and will
not respond to the SN situation “EFP breakdown”;
this means that there will be a false relay operation.
As a result, the relay will work in the section with
the initiating breakdown of the EFP, but the relay
will not work, followed by a non-self-liquidating
breakdown of the EFP.

The analysis of the conflict scenario Scell
shows that if the relay is not blocked at the first SN
“Breakdown of the SFP”, then with the further
complex development of the SFP, the set of signals
will lead to different variants of non-selective
operation of the relay, for example, with SN
“Interference”, SN ‘“Non-selective actuation with
new breakdowns of SFP”, SN “Breakdowns of SFP
in other sections of the network™, etc. As a result,
when such scenarios appear, the recognition process
ends with the actuation-non-actuation of all relays.

scenario according to the recognition tree, namely,
Scel “A situation SN appears that is not known to
the recognition machine, then SN “Unrecognisable”
is indicated as the recognition result” (Fig. 9). In the
theory of pattern recognition SN,  SceN
“Unrecognisable” should be considered in principle
and the probability of their occurrence can be
minimised by continuing to accumulate the amount
of information Q. This also refers to SN “Not
associated with SFP”, SN “Third-party processes”,
and SN “Interference”.

THE DISCUSSION OF THE RESULTS.
SIMULATION OF THE OPERATION OF THE
SCENARIO DETECTION ALGORITHM FOR

ASELECTIVE RELAY

Simulation in CAD revealed errors in the
operation of known relays when the detection
process is implemented in their structures on the
front of the input signals Uw(t) [4, 14], [15, 16].
Fig. 7, Fig. 8 and Fig. 9 show examples of posters
for modelling the operation of the synthesised S-
detector algorithm when implementing multi-
point non-inertial detection.

If necessary, as the relay algorithm adapts to the
specific conditions of the OCP, the components of the
G grammar and the GES scheme are supplemented
until a sufficient amount of information Q is
processed. The signal S(t) changes roughly, without a
distinction of close SN situations or SceN scenarios.
This is a sign of insufficient information for
recognition. If it becomes necessary to use the internal
coordinate of the OCP, then it is necessary to ensure
the formation of such information.

Threshold

Another conflict scenario, Scel
“Unrecognisable”, can be a continuation of the

3lol

® ®

3lo3

3lo4

3Uo

/Ssp(t)
=10

Envelope-LFC
/

b s i

Fig. 9. Modelling of SN in real time SN simulation for 4 ZN sections SN “Neutral offset”
t1 — 3Uo; t2-5 —signals 3lo for Z1-Z4; t6-9 — sense signals S(t) for Z1-Z4

Source: compiled by the authors

ISSN 2617-4316 (Print)
ISSN 2663-7723 (Online)

Digital Control of Technical and Social Systems 323



Applied Aspects of Information Technology

2021; Vol. 4 No.4: 311-328

This requires an additional TS sensor for direct
or indirect information acquisition.

The synthesised block diagrams and S-detection
algorithms are applied for different frequency loops in
a single selective relay algorithm and devices of the
entire ASNOM earth fault protection system in
medium voltage networks of 6-35 kV (see Part 1) [4,
5], [25, 26]. The ASNOM “LZSC” system includes
several devices: the “R-VCR-SP” relay with the SP-
algorithm for selectively searching the optimal
amount of information Q to determine the damaged
network section with the functions of a high-frequency
digital recorder VCR, RPA terminal “T-LZSC-ARC”
of the measuring cell voltage transformer with the
function of an auto-compensator of capacitive
currents ARC, and a widget “W-LZSC” for
windowed graphic presentation of terminal
information on the computer display of the APCS.

EXTENDING THE RESULTS TO OTHER
RECOGNITION TASKS

The SceN scenario detection method uses
universal concepts that are applicable to many
engineering problems, e.g. the tasks of information
processing and decision-making with the issuance of
one of a number of answers. This is required in cases
of the presence of irregular information events, the
selection of selective information, definition of
meaning, step-by-step development of events,
analysis of transient processes, and others. The S-
detection algorithm with the SP-method and =,H-
selectivity windows makes it possible to use it in
converting the static formulation of the problem
being solved into a dynamic one.

S-detection can be applied to the following
applications: coordinate [5, 32], [32] of Part 1],
search [28], extreme [5], adaptive [29], optimal [38],
expert [29, 35], [16] of Part 1], dispatching [1, 31],
[26] of Part 1, economic [3], [25] of Part 1,
mathematical modelling [22], [25, 26], [30, 31], [33],
[17] of Part 1, functional modelling [21, 22], [18] of
Part 1, diagnostics and self-control [23, 26], [22] of
Part 1 and others. It can also be applied to tasks
regarding meaning recognition in  electrical
engineering  problems:  automatic  control  of
technological processes [3, 4], [32, 33], [17] of Part
1, electromagnetic compatibility [23, 35], [19] of
Part 1, studies of electrophysical processes [34, 37],
[30] of Part 1, electromechanical processes [32, 33],
[34, 35], [17] of Part 1, the stability of the systems
[20, 36], [27] of Part 1, the stability of the electric
drive [22, 33], [34, 35] and the quality of the pulse
circuits [35], [23] of Part 1, etc. It is also useful for

the tasks of pattern recognition, based on
morphological  features:  linguistic,  cochlear,
biological [20] of Part 1, medical [28] of Part 1,
mechanical [35], optical [36], physicochemical [37],
and etc.

CONCLUSIONS

1. A method of recognising scenarios for the
development of semantic, structured information
events has been applied to ensure the stability of the
operation of the selective protection relay against
earth faults in 6-35 kV networks with an arc
suppression Petersen’s coil. In the synthesised
selective relay algorithm, events in all oscillatory
circuits of the protected object are monitored. The
most selective criterion for the operation of the relay
is considered as the main criterion based on the
analysis of the coincidence of the first half-waves of
the mid-frequency components of the transient
signals during single-phase ground faults.

2. The application of the method for controlling
the amount of information during the dynamic
development of transient processes in smart-grid
networks is shown to solve the problem of
improving the method of analysis and synthesis of
algorithms structures for selective relays against
single-phase ground faults. Volume control allows to
reduce the cost of error in the operation of the
threshold elements of the detectors. The method is
based on transmitting data about the amount of
information at each transition from the lower
hierarchical recognition level to the higher level.
Data transmission is performed by selecting the
value of the weighting factor from a range of
possible values. The choice of the value is carried
out according to the condition that the value of the
semantic signal reaches the corresponding threshold
level.

3. The examples of systematisation of the
scenarios in the development of single-phase earth
faults are given. Such script structures can be

industry-standardised  to  improve  detection
algorithms.  This will allow comparing the
effectiveness of different, known, proposed

recognition algorithms.

4. Elementary information sensors of relative,
absolute and cumulative actions are synthesised
based on the proposed algorithm for recognising
scenarios for the development of single-phase earth
faults. Examples of filling the amount of information
in the implementation of the SP-method of selective
search for the optimal amount of information for
automatic determination of the damaged section of
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the network are shown. Dynamic recognition is
performed uniformly with the help of selectivity
=,H-windows, the formation of a semantic signal
and then its estimation by weight coefficients with
the subsequent transfer of the result to the higher

5. Modelling of the operation of the scenario
recognition algorithm, in relation to different
hierarchical levels of recognition using samples of
high-frequency signals from real emergency files,
has been carried out.

hierarchical levels of recognition. Levels are
considered — sensor, relay and terminal.
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AHOTANIA

IMpu peanizauii KOHIENLI PO3BUTKY eeKTpoeHepreTuku Smart-Grid, Lugposa niocmanyis, Aymcopcune nociye akTyalibHUM
€ 3aBJIaHHS 3a0e3MeYeHHs CTIKOCTI pOOOTH MPHUCTPOIB PENEHHOr0 3aXUCTy Ta aBTOMATHKH. 3aBJaHHS BHPILIYETHCS BIAMOBITHO IO
CTpyKTypHOTo-iH(popMmariitHoro SI-meromy, mo po3pobisierses. [IpomonyeThes crocib cenekTuBHOTO TOMyKy (SP) onTuManbsHOrO
00csATy CTPYKTYpOBaHOI iH(POpMAIT /Ui aBTOMATHYHOTO MPUHHATTS PIlIeHb. Y CTAaTTI PO3TIISAIAETHCS AITOPUTM PO3IMi3HABAHHS
CreHapiiB PO3BUTKY 3HAYEHHEBHX IIOIIH, SKUH BKIIOYeHWH 10 SP-crocoOy. AJTOPHTM 3aCTOCOBYEThCS OJHAKOBO IO  BCIX
iepapxiuHUX pIBHIB pPO3Mi3HABAHHS], BUXOIIYM 13 IJIeH NPUHHATTS pilleHHS Ha cTapmoMy piBHi. KoHTposp mocminoBHOCTI
iHpOpMaLitHUX MOJii BUKOHYETHCSI B TUHAMILI MMPOXO/KEHHS MOJIH MO OJHOMY IUIAXY 31 BCiX B3a€MO3B'SI3KiB BigmoBigHo ao Sl-
mozeni. B Uactuui 1 mokaszana cmineHa Sl-mMonesp, IO CKIIAZaeThes i3 AepeBa (GOpPMyBaHHS B JHHAMIYHOMY 00'€KTi Ta JepeBa
po3mi3HaBaHHA B MPUCTPOSAX. J[aHO TECOPETUUHHUH ONMKC aJTOPUTMY 3a JOMOMOTOI0 aMIUITYZHOro Ta TuMuacoBoro (E,H) BikoH
CEJIEKTUBHOCTI Yy 3arayibHili CTPYKTYpHIH cxemi S-meTekTyBaHHsS. [lokazaHO 3acTOCyBaHHS CHOCOOY PI3HHMX i€papXi4HHX PIiBHIB
posmi3HaBaHHS. Pe3ynbTaT IpHHHATTS pIilIeHHS BUAAETHCS y NBOX (OopMax MOAaHHS. A caMe. 3a JOIOMOTOI0 €IWHOTO CMHCIOBOTO
CHTHaly UIsi BKa3iBKM Ha TpyIy pe3yibraTiB. Uepe3 3amoBHEHHS TaOJUNI IOCTIJOBHOCTI IOSBH PO3MI3HAHUX €JIEMEHTapHUX
iHpopManiitHuX ckiagoBux. Y YacTuHi 2 moka3aHo 3acTocyBaHHS SP-crnocoOy Ha pisHHX i€papXiuyHHX PiBHIX PO3IMi3HABAHHS IS
CHHTE3Y CEJICKTHBHOTO pelie, B SKOMY pEali3yeThCsi aJIrOPUTM IMOLIYKY IOIIKOMKEHO! IUISHKM Mepexi NpH oxHO(asHUX
3aMHUKaHHAX Ha 3€MIII0 Y PO3MOIUIBHHX Mepexkax 6-35 kB i3 kxorymkoro IlerepceHa. BkazaHo mpu4mHH HeECTiHKOi poboTH
ITOPUTMIB BIJOMHX CEJIEKTHBHHX peJe, BUXOASYH 13 MOHATH PO3IMi3HABAaHHS ClEHapiiB. PO3rIsIHYTO BIOCKOHAJICHHS CTPYKTYpH
CEJIEKTHBHOTO peJie, MI0 MPAIIOe Ha OCHOBI KPUTEPII0 KOHTPONIO 30iry MepIinX HAMiBXBHIb CEPEIHBOYACTOTHHX CKIIAJOBUX
CHTHANIB TIepexifHuX mpoueciB. HaBeneHo mnpukiaanm CcHHTE3y €JIEMEHTApHUX JETEKTOPIB aOCOIIOTHOI, BIAHOCHOI Ta
HAKOITUYYBaJBHOI [ii CTOCOBHO CEJICKTUBHOTO peje, IO JO3BOJIAIOTH HAMOBHUTU OOCST iH(opMarii Juis 3arajibHOro S-
JIETeKTyBaHHsA. BHKOHAHO MOJENIOBaHHA pPOOOTH CHHTE30BAaHOTO S-AETEKTOpa Ha CHTHAJaX pealbHUX aBapiiHux dQaiinis
TIPUPOTHOTO PO3BUTKY YIIKOJDKEHB 1305111 (ha3y Mepexki Ta MOJISIFOBaHHS IITYYHNX CLEHApIiB Mo y MaTeMaTiyHiil SI-moneni.
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