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Abstract. Information systems based on Bayesian intelligent technologies make it possible to
implement monitoring, control and management tools within the framework of the “Smart
City” concept. Such tasks are connected, on the one hand, with the processing of large arrays
of various types of information, on the other hand, with difficult conditions for solving
problems due to uncertainty. This article discusses the methodological aspects of the
application of the regularizing Bayesian approach and Bayesian technologies focused on
uncertainty and information processing both in the form of data and in the form of various
knowledge. It is shown that such systems can be implemented in the form of intelligent
cognitive networks with the processing of different types of measurement, statistical, reporting
information, integrated with the assessments and decisions of experts and specialists. Examples
of using the proposed approach and technologies for solving applied problems of digitalization
of urban economy are given.

1. Introduction

The demand for methods and means of artificial intelligence in solving problems of urban
management — housing and communal services, energy, economic, social city services and systems
and processes has significantly increased at the present time in connection with the adopted concept of
“Smart City” and the programs implemented within its framework and investment projects.

The public value of new technical and organizational smart grid solutions is determined by issues
of energy independence, increased reliability and benefits for energy consumers. For example, experts
from the analytical company McKinsey estimated the social value of the combined aspects of the
smart grid for the United States at $ 130 billion. In these conditions, the President and the Government
of the Russian Federation set the ministries, departments, and energy corporations of our country the
task of developing and implementing projects for the transition of the Russian power industry to
“intelligent network”.

One of the key issues in this case is the development of methodology and technological platforms
for the implementation of smart networks for urban management (smart grid). Currently, the
successful implementation of such projects is taking place mainly in the energy sector of the economy.
However, there is a shortage of development of methodology and methodological base of
intellectualization. This is explained by the specificity of information flows, their diversity, the
complexity of the structures and interconnections of the systems of the municipal economy, which
determines special requirements for the methods and means of collecting and analytical processing of
information in the municipal economy. Due to the uniqueness of the information received from the
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systems of the urban economy, its significant uncertainty, strong variability and many influencing
environmental factors. It turns out to be unlawful to use traditional statistical methods of data
processing based on homogeneity and repeatability of statistical data from samples. The existing
solutions within the framework of modern concepts of BIG DATA, 10T, Bl, DATA SCIENCE, on the
one hand, have not yet been sufficiently developed for wide practical application, on the other hand,
they are aimed at solving methodological problems of data processing by means of universal
information technologies associated with a technogenic approach to data processing by using various
means of collecting information, systems of sensors and communication means, databases, server
equipment and other computer technology, which is certainly necessary, but refers to the stages of
implementation of methodological approaches and solutions, but does not replace them. To
successfully solve the problems of digitalization and intellectualization of urban economy, it is
necessary, first, to develop methodologies and applied methods of intelligent data processing, focused
on the specifics of information flows of urban economy.

However, despite the developed capabilities for the transmission and storage of numerical, textual,
graphic, audio, video and other information, in all these technologies there is no possibility of folding
such information, its integration into a single information stream, which carries the most reliable and
complete knowledge about the object. or its properties in specific conditions, as well as analytical
processing of information in order to support management decisions.

In addition, in the known network technologies, there is no, not only the possibility of quality
management of the solutions obtained on their basis, but also of control, metrological substantiation of
incoming and stored data, in real conditions does not allow determining or guaranteeing the stability,
convergence and reliability (risk) of the solutions obtained. ... In other words, the lack of principles of
the measuring approach in information technologies of modern distributed data processing associated
with various systems of sensors and collection of primary information leads to the impossibility of
their effective use for solving a significant range of problems in the energy sector and housing and
communal services.

Note also that in real conditions of monitoring or controlling the generation, distribution and
consumption of energy resources based on intelligent network, there is a need to adapt technologies
and network structures to the changing properties of objects and processes and their environment,
development in accordance with the development of objects and network structure. In this
formulation, the problem arises of optimizing the technologies and structures of network information
processing during the operation of systems, which means the need to develop and apply technologies
of self-organization, adaptive changes in the network topology, dynamic formation of a circle of
customers, distribution of functions between them and their intellectualization.

Thus, the need to develop a methodology and a platform is due, on the one hand, to the
requirements of practical tasks (usually solved in conditions of significant a priori uncertainty) for the
generalization and use of the entire available amount of information, on the other hand, the
possibilities of the above-mentioned modern concepts and network technologies that allow collecting
and processing large arrays of different types of remotely distributed information resources.

2. BIT methodology for creating intelligent network

This article discusses the methodology of building intelligent network for the integration,
digitalization and intellectualization of existing production and management resources within the
framework of the concepts of “Smart city” and “smart grid — models”, which ensures their transfer to a
qualitatively new level of intelligence of mechanisms for managing a set of distributed urban economy
and power facilities.

At present, Bayesian intelligent systems of a new generation have been developed and are being
applied in practice to control distributed power generating systems under conditions of uncertainty.
Such systems, inheriting the basic principles of BIl and BIT, (namely, the integration of different types
of data and knowledge flows, metrological justification and the possibility of managing the quality of
solutions, flexibility and development in the process of functioning), together with promising
information technologies for network transmission, collection and distributed processing of
information, represent a new type of system called Bayesian intelligent networks (BIN).
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The BPM methodology, the algorithmic base of the BIl and BIT served as the basis for creating a
methodological base for the LSI for the tasks of energy and housing and communal services. The BIN
implementation diagram is shown in figure 1 and 2.

Power system inventory

Figure 1. Scheme of implementation of the functionality of smart grids of regional energy.
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Figure 2. Dynamics of the number of closed power supply centers for technological connection.
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The methodology of direct BIT on homogeneous three-link scales with dynamic constraints (SDC),
(otherwise, direct BIT ) is the basis of the technology for integrating the same type of multi-current
information flows (for example, convolution of measurement results received and stored in the archive
(database) or convolution of measurement results of the same parameter on different accuracy
devices).

The methodological foundations of the construction of SDC and their application for evaluating,
measuring, controlling (auditing) processes and situations, forecasting and generating management
decisions are discussed in detail in [1] and other works of this scientific school.

Values, linguistic expressions, audit or management decisions, functions, recommendations,
conclusions, or other information objects can be used as reference points for SDC.

As a result of the BIT implementation for the above problems on the corresponding SDOs,

solutions are obtained in the form of regularized Bayesian estimates (RBA) {hl((?)|{MX}ki}, which are

a set of possible solution alternatives with their inherent, defined a posteriori probability. Alternatives
are determined in accordance with the BIT optimization equation in the form:

{h,({?)|{MX}§C?)} _ {arg exstr C [(Pj ({Xit} Y05 Gt(OE))]} 1)

Where hy, is the k-th regularized value of the property Q° at time t, X, is the incoming information
for generating management decisions from information sources.

The sequence of F; activities that make up the process of implementing the stages of collection,
inventory, and resource management of energy and housing issues can be represented as time — bound
BIT solutions to the sequence of F; stages:

)= 7 ) ®

where k = 1, k;, k, is the number of alternative control solutions,j = 1, j;.
The decision to implement the next stage is in the form of a list of alternatives ordered by
probability as a solution to an equation of the form:

{ (fjt) {MX}(f]t)} {arg exstr C [(th ( GO « Zy * Y(OE) * h(f]t))]} @)

The complex of metrological characteristics {MX}S;"‘) includes RBA indicators for accuracy,
reliability, and a posteriori reliability of evaluation and management decisions [2], which can be
calculated using the Bayes formula modified in the framework of RBA:
Pa(th |G(OE)>L (G(OE)|th)

ki—1 °

P(hii Zlepa(th |G(OE)) o <G(OE)‘th)

Gt(OE)) _

4)

Jt

If the relations (%) are not probabilistic, but other parametric logic, then such management

decisions are called soft according to the definitions given in [3], and the type of management is called
“soft management”. When implementing management decisions using this methodology, it is possible
to change the parametric logic depending on the goals, priorities of the project, as well as on the
individual characteristics of the person making management decisions (MMD).

Uncertainties that do not allow you to accurately plan and implement BIS management processes,
process risks lead to a delay in the start of their implementation and an increase in their duration.

In the RBA concept, the processes of production of energy products and services, as well as their
duration, are considered as factors with a significant degree. uncertainties and can be estimated in the
form of RBE:

At fi
{h,(((t ))|{MX},(;“)} = arg exstr C [(p G(OE) * Y(OE)) E_’f) (5)
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3. Technological solutions and examples of the BIN

The specifics of the BIN described above define the following additional elements of network
technologies. First, it is the presence of Bayesian intelligent servers in the network structure that
combine the properties of information servers and application servers, integrating data and knowledge
flows at a formal mathematical level, synthesizing technologies with metrological support according
to expressions (1)-(5), analytical data processing processes for evaluating States and situations,
predicting them, and generating solutions for customer requests. Second, it is the availability of
metadata (in the form of SDC). Third, the availability of technologies that manage the development of
the network structure based on the results of the previous stages of the implemented information
technology. Below examples of the BIN application are presented (figures 3 and 4).

Infoanalyst = G
Gommand Parameters Configurs The Reporting Processes Help

Full path to the factor
Wialetwoe DO S 5P S418 Pl No. 11d 250 phase 1 Uch 1.6 (from number to 65669 65670) the Probability sepeere

¥ display the results sgera

fime: [01.01.2012 0. 00:00 =] conditions on the pipeiine secion
= ,dzsnstsemmm Ly IlEO = e =
Uchiinterval 1.1 {from count 85688 to 85295) Information 3bout e fastar

Uch interval 1.2 {from count 21652 to 65667) Title

interval Uch 1.3 {from couni 65295 to 21652} Probabilty of an emergency condition on the pipsiing saction

Ucn 14 infervai (from count 65567 to 52300] _

IJEh 1 5 |n terval (from count 65669 1o 65668) Descrigtion o show a passport
@ e Jch 16 (from Kol 65670 fo 5566993 - - -
o) - 9 F‘mbabll\lv ofan emergency condition on the pipeline . Dasarigion of he facar” |

=1 Current probability of an emergency condition o gupeline 250 St

2o 4 Assessment of the pipeline section condition Wietibain

= ¥ The crawl logs section of the pipeline
log of circumvention and sealing of wells on restricted sireets
log of inspection of waler supply roules without opening
log of inspection of wells and chambers in winter.
# Log of inspection of wells by locksmiths ABP
- 0111201

2 number 52800
number 65301
Journslentries the intersection with metro and raitway
og of inspaction of networks in callectars in winter
The magazine axamingd fhe road

E journal of VK preparation for work in winter

Attachment |

log of the health check issues

dead end flushing log add to a lower level

Journal rabotosposobnosti PG add to the same level
12

Journal of the acceleration values.DN=! 200mm
magazine remaving the insulation of the valves in the chambers B Add afactor
log o reinforcement nsulafion in Canaries |
-:mmmm defective statement Update factor | X Wssses fagtor
= [ Wmoruranuas curent infomatian

Line pressure
§ Information from the population
& Information from third-party organizations
-3 Life
Semce life of the new plpehne
w risCras the acsident rate for roger

Figure 3. Assessment of the situation on a section of the water supply network based on BIT.

C ey I =181x]

Command Farameters Configure The Reporting Frocesses Help

i Full path to the cument factor
Energy'Energy audit of bodler houses in KrasnodariList of boiler houses of JSC krasnedareploenerge™All district # 578 ROCK-1W.
Energy chamacternsics and energy awdil
|
=4 T77.RedPartizans, &
= 55 T8.POK-1

& | name of the bailer house
Il. The legal address of the boiler room

I i display the results of the audit

St
Il. Carrying accessery Kotel- '@ @

Sta e of the factor.
| Below normal

IV. Mame of the cperafing or entry N2 ofd
£ . energy characteristics and Ann [ e -
i} 01. Installad capacity - . .
- . i 01, 2009 12:00:00 I Beiew normal a
= 02 Connectad power(total) Ay Neem (with 3 probabiley of 3]
] 03.Connecied power(heated
F-] 04.connected power (DHW)
] 05.Connected power[steam
= 05. Heat generation in nd Interpretasion Schedule recommendation auto-Recommendation aute-Recommendatansitext) |
L 07 ©wn needs of boller house [ Conglugion: = [ Influ=ncing factors:
= 08. Heat energy o the grid sitution: 01. Installed capacity (Ncr-n]
- 8. Losses in heat networks " | 02.connected ower't:ulalj nificantly lower)
] 10. Useful heat 0303 connected power heat"»g ifSlgml‘..‘anthr lower)
22 11. The actual specific consumption of it! C“E{:g"é';ec‘:‘edpmﬂ jH"tl "n;?&ntﬂfqmv:]
= onnected power(steam load) (Morm]
Z 12 Fuel consumption for the bailer in th Ecanomic ﬂﬁ Heal generatlon |n ayear [the Nomn)
) 13. Fuel consumption for the boiler in th mi (Extremely high)
4o 14, Specific fuel consumption at less Segurity level of the situation: I)B ‘|B=1 ='|erg,’ |nm|he 1emork ’l:]orrrlil;
15. Technical parameters of boilers T 08: Losses in heat networks (Extremely high)
F 18. et cansumption al e baler hause in year B 1mT1Uesaegj |1?f1|€u{2rlm§f$]or {Higher than mot nral
Z 17.Sewage discharge per year Trords 12 fuel consumption for the boiler houss per yeannatural fusl
i 18. Energy consumption per year(fan ore = = lendency 1o stabilize 13 fuel somzumpt
== | 18. Power gains =
=43  20. Estimated cost |" va c'la E-:I
=4 21 Equipment specification 18, electricty consumption per yearactual) (Norm)
# /1. Business plan |
= 3§ TO.Lenin 278, SHK intern. = 15.technica’ param=1ers of bodlers (not defined)
=3 80. Kurgan, 143. 5t. Eliz. 18 The pawer gain (1ot defined
=4 51. New, 46, Elizabeth. 20 Bstimai=d cost {not defined)

21 Fardware soeciicaton {not defined)

82 Dovatorov. 80

§ 83 POS Spiky
3 84Michurina 15
3 85.Clean up. structures # 2
=3 86. Slavyanskaya 85

# 7. Slavyanskaya, 81

Figure 4. Example of an energy audit of urban energy production by means
of a platform based on BIN.

R ROIRR




XXIII International Conference on Soft Computing and Measurement (SCM'2020) IOP Publishing
Journal of Physics: Conference Series 1703 (2020) 012018  doi:10.1088/1742-6596/1703/1/012018

Metrological support of the Bayesian integration network makes it possible during the network
operation not only to identify “bottlenecks” where information flows with significant distortions and
noise, but also to correct the technology and the list of clients — sources of information resources and
consumers, and plan an information experiment.

4. Conclusion

The main advantages and achievable goals of using the platform in organizations for the operation and
maintenance of urban facilities (bridges, tunnels, sewers, etc.) can be considered to be the prevention
of emergencies and emergencies at city facilities and ensuring their normal operational mode of
maintenance based on :

» comprehensive assessment of the instrument, resource and operational potential of the systems
listed above;

* determining trends and dynamics of indicators of reliability and safety, operation of facilities;

* normalization of indicators, indexes and indicators of operation and maintenance of facilities;

 comprehensive monitoring of the technical condition of object systems;

* monitoring systems for obtaining current estimates of the total risks of objects;

* based on obtaining estimates and models for developing an optimal maintenance plan;

+ formation of investment plans and activities;

» creation of centers for training qualified production and management personnel,

* creation of information networks and systems for various production, management, scientific
tasks and SEZs.

The experience of using BIT allowed us to develop a methodological basis for solving these
problems, which was implemented in the form of manned and adaptable technologies for applied
tasks. The main conceptual idea is to develop based on BITS and platforms “Ecoanalyst” and
«Infoanalyst» developing technologies for specific applications. The concept and detailed description
of this type of technology is given in the published works of the author and specialists of this scientific
school.

The BIN complex generally corresponds to the architecture of urban management complexes and
industrial energy systems for solving problems of internal energy audit, accounting for energy
consumption, and ensuring energy security of enterprises and territories. In addition, the system can
become the basis for the implementation of a training center for energy and housing management.
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