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Abstract. The article considers the task of ensuring tliieiehcy of synergistic information-
measuring and control systems. A structural schehsynergistic information-measuring and
control system based on multi-agent technologiasshie®n developed and a decomposition of
goals has been presented. For the heterogeneays giranmanned aerial vehicles involved in
search and rescue operations in the emergency zon&pl algorithms based on the use of
synergies have been proposed. It is shown thatythergistic effect lies in the joint interaction
of diverse unmanned aerial vehicles of a heteraggheyroup. Calculations are given and
graphs are constructed, that illustrate the opmratif a heterogeneous group of unmanned
aircraft in normal mode and in the event of failafeone of the unmanned aerial vehicles. It
has been proven that the group is able to comfiieteask due to the synergistic effect.

1. Introduction

Improving the efficiency of data collection and pessing is necessary to ensure that information-
measurement and control systems (IMCS) are guaartte work without fail. In this case, we are
talking about the automation of data collection anacessing processes, the most reliable storage of
data, the guaranteed permanent access to it arnEbsisgility of rapid adaptation of the IMCS to the
changing demands of the external environment.

In recent years, there has been an increase iegttié the interdisciplinary direction - synergies
Synergetic approaches and models have found wigkcafon not only in philosophy, but also in
many branches of science: technology, sociologgagegy, philology, etc. The founders in this
subject area are Haken G. [1], Prigogin LL.R. [2lr#yumov S.P. [3], Chernyavskiy D.S. [4],
Samarskiy A.A. [5] and others.

A common drawback of synergistic systems in speedl literature on process and object
management tasks is the lack of a description dfinieal implementation: the description of the
algorithms of operation is given only at the cortuaplevel.

The synergistic approach to the creation of managersystems is based on systemic principles,
the basic of which are the interaction and inteetelence of the system and the external environment,
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the hierarchical structure of the system, the famfusctivity, adaptability to the external enviroant,
self-organization, priority of common interestsloé system, reliability.

According to the property of emergence, the joictican of several factors almost always differs
from the amount of separate effects. It is thiseg@nce, commonly referred to as the synergy effect
interaction factor or cooperative effect, thatis guantitative expression of synergy.

The synergistic approach to the design of contyskesns is to move from the unpredictable
behavior of the system by the algorithm of theigessng structure to the directional movement along
the desired invariant diversity - attractogg ), to which all other parameters of the systedy) @are
adjusted. This is a targeted way of self-organizpgergistic control systems. With this approahb, t
goal is the attractoty,(x4,...,x,) = 0 - defines the essence of the management procedsitsa
content consists of self-management and directiabigmnization in accordance with the specified
purpose [6].

All this characterizes the synergistic system amteiligent, private case of which is a multi-agen
system consisting of intelligent agents of variougins (software, hardware, biological). According
to the researchers [7 - 9], the practical implemeon of synergistic approaches in the creation of
specialized systems for managing processes andtslijereases the efficiency of their functioning.

2. Statement of the problem

Technogenic objects (TO) are complex systems damgisf a large number of subsystems (agents)
that work under changing internal and external @b, adequately responding to these changes.
Therefore, the non-emergency functioning of the d@bnot be ensured without the participation of
the IMCS. Failures in the management and contrahefTO lead to the emergence of emergencies
(emergencies). Options for the effectiveness of MES are their reliability (non-emergency
functioning) and the ability to quickly adapt taetbhhanging requirements of the external environment
and in the case of emergency - the time and ressuneeded to restore the performance of the
controlled TO.

To ensure the necessary parameters of effectivetmestMCS should be structured so that agents
(subsystems) develop independently, ensuring fieetefeness of the IMCS on the target parameters.
This behavior, when the simultaneous evolutionaeyetbpment of several agents leads to the
restructuring of the entire decision-making systenthe IMCS, can be classified as synergistic
effects. Therefore, to ensure technosphere segcgyityergetic ISIs are required, which consist of a
large number of agents in a coordinated interadtian determines the behavior and properties of the
system as a whole [1].

In the IMCS distinguishes computational, informatiotellectual resources and time resources. In
the construction and analysis of the IMCS, it igntyaused by computational and time resources, but
this does not mean that other types of resouraes) as logistical resources, are ignored for a
particular problem. As the functional purpose @& tMCS suggests, its main objective is to organize
the information interaction optimally to ensuretttige tasks are met.

Optimization refers to the process of finding entes (global maximum or minimum) that can be
rated as the best values (indicators) of a padrdalrget function or choosing the best (optimatjan
from a variety of possibilities.

Resource optimization can be done at differenti$eokthe IMCS hierarchy. At the same time, the
principle of global optimization must be implemeahté.e. local optimization criteria and decisions
based on them should not contradict the globahapti of the IMCS as a whole.

At the same time, any IMCS has limited resourceactieve strategic, tactical or operational goals.
Therefore, the task of optimizing resources inIMES can be formulated in two ways:

- with limited resources, achieve a global maximuector target function of the IMCS, i.e. it is
necessary to store more data in the allocated spaogake calculations faster, without consuming or
releasing too much energy, to transmit more inféiwnathrough existing communication channels, to
ensure maximum readiness of the operating subsgstem
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- at the planned values of the IMCS indicatorsdisieve a cumulative minimum of resources used.

This speaks to the importance of developing mettaouk tools to improve the efficiency of the
IMCS in the management of processes and facilities.

The aim of the work is to develop the structure algdrithm of the IMCS, which provide optimal
functioning on the basis of synergistic approacl hierarchical principle of building a multi-agent
IMCS.

3. Theory
The synergism of the IMCS is manifested in the ngtieening of the properties of the system
(efficiency E) when combining individual agents, which is exgegkby the general formula [10]:

E1+'-'+N > E1 + tee + EN' (1)

whereN is the number of agents combined into the system.

The synergistic effectiveness of the unificationgass is logically defined as systemic efficiency.
This efficiency then characterizes the overall effeness of non-linear interaction between agents
that make up the system. Therefore, synergisticieficy is a way of taking into account the overall
effectiveness of a system that consists of sevgpals of efficiency, when it cannot be determingd b
simply summing up the effectiveness of individugdats of the system.

The effectiveness of the synergies can be presastedio components of "linear efficiency" and
"non-linear efficiency." "Linear efficiency" is caged by a simple summing up of the effectiveness of
individual agents within the synergistic IMCS, afidon-linear efficiency" is formed by the
appearance of the system pfoperties and parameters not characteristic oiviohshl agents
(emergence). Synergistic Es efficiency can be dembas

E; = E; + Ey, 2

wherek, is a linear component of efficiendy, is a non-linear component of efficiency.

Synergistic efficiency is a characteristic of tleahh of the system, the reliability of its funetiog
within the range of basic parameters (time anduess) for a particular system [10].

The basis of synergistic IMCS is the hierarchicaltiragent system (MAS), which is designed to
ensure the performance of the IMCS in normal andrgency conditions [11]. This is achieved by a
flexible, coherent adjustment of the system in oasp to changes in the environment, depending on
the events (self-organization). As a result, MASsiimultaneously implementing processes for data
collection, analysis, planning, optimization, monibg and control of the state ofOTin real time,
which ensures that its operation is enhanced.

The main manifestation of self-organization of sgmic IMCS is the reconfiguration of the
structure of MAS and the complexity of the systémough fluctuations (accidental deviations in the
mode of normal functioning of the IMCS or failuré iadividual agents) states of its agents. Such
fluctuations are suppressed by negative feedbaeksuring the preservation of the structure,
performance and close to the equilibrium statenefdystem. But in more complex IMCS deviations
increase over time, accumulate and lead to eitheerdestruction of the former structure, or to the
emergence of a new (the inclusion of duplicatingesi and elements, cloning and formation of
coalitions of agents).

Self-organization, which results in the reconfigima of the system, can occur only in high-level
systems of complexity, having a certain number wfieriacting agents, having some critical
communication parameters and relatively high prditalof their fluctuations. Otherwise, the effects
of synergies will not be sufficient to create tllective behavior of agents and thus the emergefice
self-organization. Insufficiently complex IMCS amot capable of spontaneous adaptation and
development. With excessive influences from theidetlose their structure and irreversibly collapse

Self-organization of IMCS occurs only when positfeedbacks over negative ones prevail. The
functioning of the MAS is based on receiving feadkbiom sensors carrying information on the state
of the TO (environmental IMCS environment) and supent adjustment of the parameters of the
operation of the TO through the actions of exeeutechanisms (decision support system (DSS)). In
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the self-organizing IMCS, such changes are notieéited, but are accumulated and amplified by the
intellectuality of the agents in the system, whielads to the emergence of a new order and
reconfiguration of the IMCS, formed from elementsh® previous, modified system.

This process is carried out by cloning agents amohihg coalitions within the MAS. If the TO
through the sensors receives data indicating thieility of the system to achieve the target (emsyri
the normal functioning of the TO), the MAS, aftenalysis of the situation, without external
intervention, gives a command to reconfigure theucstire, either by cloning agents, or by
redistribution of responsibilities between agentsicoalition of single-functional agents. The ckoi
of self-organization of the system depends on thiea parameters of the functioning of the IMCS
and TO. If you need to act quickly (the criticargmeter is time), then more resources (agentspean
involved. But, if both time and resources are caitiparameters, then due to the synergy of the IMS
and the presence of nonlinear efficiency (see ftani®)), it is possible to achieve the goal without
attracting additional resources and times, duedaedistribution of duties between single-funatib
agents [12].

4. Practical implementation
The fundamental principles of self-organization syhergistic IMCS are the ease of information
interaction between MAS agents and the abilityuizk]y reconfigure the structure of the IMCS.

Synergistic IMCS is built according to a standacesne, which includes the control and control
center of objects, sensors and executive mechar({figose 1). Moreover, synergistic IMCS can be
multifunctional, monitor and manage different olbgeloy nature. But the algorithm for achieving goals
is always the same. MAS, working to achieve thel,gbseaks the target into tasks, predicts the
outcome of each task, draws up a plan to solve paatfiem, evaluates the capabilities of each agent
to solve the problem and distributes them (figureThe results of individual tasks are integrat@a i
the goal, on the basis of which a command is giteethe executive mechanisms to change the
external (environmental) environment.

Let us consider the manifestation of the synewgistficiency of the IMS on the example of the
operation of a heterogeneous group of unmannedlagaicles (UAVS) in the emergency zone. In
accordance with [13], a heterogeneous group of UAMsch is part of the emergency (emergency)
response subsystem, is sent to the emergency arizmy dearch and rescue operations (SRO). The
method of carrying out the SRO consists in the @nmntation of all stages of the SRO:
reconnaissance of the emergency zone, searchdiomgiand determining their location, minimizing
the levels of exposure to the damaging factors (BFemergency situations, rendering medical
assistance to the injured, evacuation of transplertéctims. All these stages are implemented uaing
specially equipped heterogeneous group of UAVs, #mefe can be several UAVs of each
specialization.

A heterogeneous group of UAVSs is included in theemgancy response subsystem in order to
minimize the time for detecting victims, providiegergency medical assistance to them, as well as
prompt evacuation, detecting and minimizing thersesi of damaging emergency factors.

The algorithm of work (figure 3) of a heterogenearsup of UAVs includes the stages of
collecting and processing data, as well as theémphtation on their basis of actions that change th
external environment. These actions are carriecbpud synergistic IMCS based on the intellectual
interaction of MAS agents (in this case, UAV), whiensures that, in the event of a failure of one
UAV, the preservation of the operability of the entisterogeneous group [12hdeed, the structural
calculation of reliability shows that if one of theUAVs fails, the entire heterogeneous group wilt
lose its performance. The system goes into a nmemse mode of operation, in which, having fewer
resources, it performs the specified functions.thf same time, the productivity and efficiency of
solving the problem are certainly reduced.
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Figure 1. Structural-functional model of synergistic IMCS goal of the MAS for Synergistic
IMCS

In the absence of the "Stop" mode, the redistmputf duties of the UAV is not carried out, and
the SROis carried out according to a predetermined wdak plf the "Stop" mode is available, the
resource analyzer of the synergistMCS realizes the redistribution of the duties of thaW
according to the algorithm shown in figure 4.

Synergistic IMCS works as follows: first, the agerfitthe 1st level of the hierarchy analyzes the
target, including the parameters of "resourcesne'tiand distributes its solution to a number of
parallel tasks to ensure decentralization of mamage and shorten the time of the SRO. Accordingly,
based on the analysis of the original target, tientiof the 2nd level of the hierarchy is switchihg
resources of the IMCS (distribution of tasks to #gents of the 3rd level). This organization of the
work of the IMCS ensures the maximum possible logaif theUAV, based on the features of the
algorithm solved by each task and the hardwaretditons of eachUAV. All UAVs in the
heterogeneous group work in parallel and indepahdeim accordance with the objectives, but
exchange the collected data, which reduces theititakes to solve the tasks before each of them.

The work of the resource analyzer can be consideydtie example of the implementation of the
formula:

e = (2 e)-(3). ®

wherec, andc, are synergistic efficiency of the system takintpiaccount the analyzed parameters
"resources - time";jaare system agents, for which thh parameter is decisive; are system agents,
for which thei + 1-th parameter is decisive.
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Let's say that the heterogenic groupJéfVs consists of 6 agents
A ={ay1, 013,031,022, by, by} (4)
and all UAV are workable, then the implementation of the fden(B) takes place, as shown
in figure 5. Table 1 shows the work of agerts\¥s) on the tacts in normal mode. The resource
analyzer in this case monitors the operation ofhibterogeneous group of BVS by checking for the
presence of the "Stop" mode.
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R . R S R Table 1. The work of agents on the tact in normal
cycle 1 mode
,,,,,,, Tact A1 A2 A3 A4 A5 A6
. rd rd
s 1 rdall rdalZ rd bl rd b2 21 a2?2
2 1x3 2x4 3x5 4%x6

3 1+2 5+6
4 drcl drc2
rd — reading of data; dr — data recoding.

i
cycle 4 i
i

Figure 5. The graph of the SRO when UAV are
workable.

If one of theUAV fails, the resource analyzer carries out recopeogedures in accordance with
the above algorithm. For example, the fiftAVs in the heterogeneous group is out of order, then t
implementation of formula (3) will look differens shown in figure 6. Table 2 shows the work of
agents [JAVs) on tacts with an inoperative agent.

As follows from the consideration of figure 6, tfoarth UAV takes over the "work" of the fifth
UAV. The work of the entire heterogeneous group caaindespite the failure of one of thaV.

Table 2. The work of agents on tacts witn an

oyclel | mode inoperative agent
M """"""""""""""""""""" Tacts Al A2 A3 A4 A5 A6
| 1 rdall rdalz rdbl rdb2 - 'O
1 a22
2 1x3 2x4 rda2l - 4x6
‘ 3 3x4 -
eycled | 4 1+2 -
e e B 5 drcl 4+6 -
cycle s : 6 dr c2 -
rd — reading of data; dr — data recording.

i
cycle 6 3
i

Figure 6. The graph ofSRO in case of an
inoperableUAV.

Thus, the use of a synergistic approach inte@s, based on the intellectual interaction of
MAS agents, allows to maintain the effectivenesthefSRO in the failure of tHeéAVv due to
the non-linear component of efficiency arising frdme synergistic effect in the system.

5. Conclusion

Thus, the structural and functional model of thepmsed synergistidICS is characterized by
a set of structural elements and their functionappse inherent in most moddmCS, which
makes it invariant about the field of applicatidgsing the proposed synergistiICS to
manageUAV in an emergency environment allows you to optimiesources through
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synergies and ensures that the goal is achievedweten the agent fails, as it is regeneratable
and maintains health at the failure of the agea).

References

[1] Khaken G 1985 The hierarchy of instabilities inf-sgbanizing systems and devices (Moscow:
Mir Publ.)

[2] Nikolis G and Prigozhin | 197%<lf-organization in nonequilibrium systems (Moscow: Mir
Publ.)

[3] Kniazeva E N and Kurdiumov S P 20F®undation of synergetics. Synergetic world-view
(Moscow, KomKniga Publ.)

[4] Chernavskii D S 2004ynergetics and information: Dynamic information theory (Moscow:
URSS Publ.)

[5] Samarskii A A and Mikhailov A PMathematical modeling: Ideas. Methods. Examples
Available at: www.twirpx.com/file/20242/

[6] Kolesnikov A A 2002 Synergistic systems Software products and systems 1
pp 3-6

[7] Manova M V and Shirina E V 2015 A synergistic systef intellectual property management
Baltic humanitarian magazine 2 (11) pp. 150-153

[8] Reshetnikov | S 2011 Synergetic model for buildagnulti-module information and control
systemBulletin of the Lobachevsky University of Nizhny Novgorod 3 (2) pp 264267

[9] Lebedev V I, Lebedeva | V and Shuvaev A V 2018 $getc models of socio-economic
systemd-undamental research 11 pp 256-260

[10] Sukharev O S 2014&he theory of effectiveness of economy (Moscow: Kurs: INFRA-M)
Available at: https://studref.com/428048/ekononskaérgeticheskaya_ effektivnost

[11] Bezborodova O, Gromkov N, Bodin O, Bodin A, Baranband Trilissky V 2019 Multi-agent
Technologies for Comprehensive Monitoring of that&tof Territorial Technosphe2819 8th
Mediterranean Conference on Embedded Computing (MECO) (Budva, Montenegro) pp 1-4
doi: 10.1109/MEC0.2019.8760064

[12] Bodin O N, Loginov D S and Tarnopolsky K A 20P0atent Ne 2292075 Russian Federation,
Int. Cl. GO6F 15/16 (2006.01). Synergistic computing systeniNe 2005119236, : Date of filing:
21.06.2005 : Date of publication: 20.01.2007

[13] Sherstnev V V, Bodin O N, Bezborodova O E, Rakhitatu- K, Gerasimov A |, Ozhikenov
K A, Bayanbaj N, Berdibaeva G K 20Fatent M 2694528 Russian Federation, Int. Cl. A62B
99/00 (2009.01). Search and rescue methag:2018139491, : Date of filing: 07.11.2018 : Date
of publication: 16.07.2019



