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'Zract—The main regulatory requirements and recom-
w ".utions for the justification and creation of systems for
He -:cgrated automation of processes in various industries
inaKzed. A structural and functional analysis of the
jppicess control scheme is performed; it is revealed that
bm :“in half of the operations are automated (even with
Hr participation of a human operator). The functional
m -sections of the used manual and automated methods of
n ~ng information and regulating equipment modes are
pHBvc :ed. such as those where it is necessary to implement
7™ H*eloped scenarios for increasing observability and
a * lability in the integrated automation of wastewa-
ar :_-posal systems in populated areas with a critical
if . -rrnent for their interoperability. It is proposed to
w* rz new generation methodological apparatus of OSTIS
1 - Lgjes for such purposes.
i *ords—water disposal, monitoring, control, inte-
r: automation, interoperability, OSTIS technology

I. Introduction

A tal necessity for the development of water sup-
* _id sewerage organisations (WSS) is the complex
an motion of their technological processes, which is

-_-.agement that provides for the functioning of a

caction unit (section, shop, enterprise as a whole)
N . >ingle interconnected information complex with
n ' ling and regulation also with human participa-
nt ;]. [2]. According to GOST 34 (GOST 34.601-90)
t . 'ration of automated control systems (ACS) includes
|k ' .lowing stages: formation of requirements, concept
nr : :pment, terms of reference, preliminary design,
Ir.".:ca\ design, working documentation, commission-
r.. maintenance. At the initial stage of creating an ACS
i - necessary to conduct a survey of the automation
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object; on the basis of the obtained data it is necessary
to identify the main functional and user requirements for
such a product. As a result of the conducted research, an
analytical report should be drawn up (GOST '".32-2001
‘Report on research work’ can serve as a basis far the
creation of the document).

At the same time, this task is extremely difficult from
the design stage, because it is necessary to identify po-
tential sources of increasing the intensity and efficiency,
reducing the duration of forced downtime, as well as to
estimate the amount of necessary capital and operating
costs (caused, including abnormal situations) [3]. At the
same time, an important component of complex automa-
tion is [4]: interfacing (informational and constructive)
of systems and equipment; unification of hardware, algo-
rithmic, software, methods and means of maintenance.
Within the framework of water supply and sanitation
organisations it is difficult to systematise the collection
of initial information and to set tasks of coordination
of automated technical means and personnel of water
disposal complexes [5], as such where the operational
observability of parameters is extremely low and the
uncertainty of bio-physico-chemical transformations in
water solutions is high [6].

Il. Structural and functional analysis of wastewater
disposal in settlements

Since the key role in the creation of ACS is assigned to
the justification and coordination of its architecture, as it
should determine the requirements and procedure for the
design, development and modernisation (reconstruction)
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of a single system solution, the structural layout of the
wastewater disposal scheme is performed (Fig. 1).

On the basis of expert and calculation assessments [5],
[7] itis known that the degree of automation of municipal
wastewater disposal at the moment is low (less than 35%
of the required) - many control operations are performed
by specialists of the enterprises themselves in manual
and expert modes (tab. 1), while the average level of
their qualification at the moment does not meet modern
requirements.

When further analysing the functionality of wastew-
ater disposal, at the initial level of generalisation, it is
assumed that the processes that are partially automated
are fully controllable. At the same time, it is obvious
that out of ten (see Table 1) monitoring and control
subsystems, extremely insignificant part of them (two
- three) corresponds to the term ‘automatic’ (operation
without human participation). At the same time, even
in such a technological situation, the task of coordina-
tion of monitoring and control operations of units and
assemblies is acute, which is currently not actually solved
within the framework of water supply and sanitation
organisations.

I1l. Interoperability of real wastewater disposal systems
in settlements

According to ISO/IEC 24765 interoperability is the
ability of two or more systems or components to ex-
change information and to use the information obtained
as a result of the exchange. The problem of interoperabil-
ity, according to world practice, should be solved on the
basis of the use of principles and technologies of open
systems, using methods of functional standardisation [8].
Such solutions are standardised by GOST R 55062-
2021 ‘Information technologies. Interoperability. Basic
provisions*. To ensure compliance with this standard, any
particular solution should be obtained on the basis of a
unified approach containing a number of basic stages;
it is -1so necessary to develop a document containing a
plan strategy), as well as a glossary on the problem of
interoperability.

Based on the generalised ways of automating (monitor-
ing and controlling) wastewater management (see Table I)
we summarised their interactions (Fig. 2).

Systematisation of the operational overlay confirms
the critically poor observability and controllability of
the processes of the technological complex of municipal
wastewater disposal and treatment (see Fig. 2) - there are
only six interactions. There is no direct interconnection
between individual elements (primarily concerning the
processes in sewage pumping stations (SPS) and the
sewerage network); there is also no direct data exchange
between automated solutions that solve different tasks -
information coordination is provided by a human spe-
cialist in periodic mode, whose qualifications require

significant strengthening. A segment of the
disposal network is not fully controlled, Bc*SE
author’s methods [5], [6], scenarios for
observability and controllability of such a
proposed (Table II).

Based on such approaches (see Table Il >it
to solve the problem of interoperability si
technical, semantic and organisational [97 The
level includes the tasks of interaction betne."
and the hardware and software platform e~
hosted. The semantic level
that are used by services to establish in
among themselves (clusters of services i
Such a task requires the exchange of infoi
services concerning their qualities tha: h
into interaction: it must provide infomu: e
operations they perform in a form that is _
analysed either by the user or by another
[11]. At the organisational level, in fact. .
operation, it is a question of implementing :
of the possibility of providing services t:

reflects those

Accordingly, the proposed coordinatic n
monitoring and control methods based r *
of ‘interoperability’ in complex autom_
specialised methodological apparatus of a i
tion. Such solutions include the OSTIS
Intellectual computer systems of new
oped on its basis are called ostis-systen .
of OSTIS Technology is a universal v._
representation (coding) of information in a
of intellectual computer systems, calle: ;|
code texts (sc-texts, sc-constructions) repeal
semantic networks with basic set-theoret:.
The elements of such semantic network?
elements (ssuzzles and sc-connectors.
depending on their orientation can be sc-arc
The universality and unified nature of the 5T
describing on its basis any types of
any methods of problem solving, which,
simplifies their integration both within
within a team of such systems.

The basis of the knowledge base devel:pec
Technology is a hierarchical system of
of subject areas and ontologies, among *
universal Kernel of semantic models of
and methodology of development of
of knowledge bases, providing semant:.:
of developed knowledge bases [13]. The
ostis-system problem solver is a set of age-
exclusively by means of specification of the
processes they perform in the semantic
agents). All of the above principles togethe*
sure semantic compatibility and simplify me
of various components of computer system- >K
such systems themselves, which is in deir __.
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Figure 1. Generalised structure of the wastewater disposal system of settlements

Table |

Analysing the monitoring and management processes of the wastewater system

Description of monitored indicators

*L

Condition of local pipelines and construction and regulatory infrastructure of
wastewater network subscribers

Efficiency of wastewater treatment at local treatment plants (LTP) (if any):
compliance of quality indicators of discharged wastewater with the requirements
of maximum permissible concentrations (MPC) of pollutants

Resource costs of localised wastewater treatment: electricity, reagents and other
consumables

1 Condition of local treatment plant (LTP) equipment (if any)
Compliance of quality indicators of discharged wastewater of controlled sub-
scribers with the requirements of MPC of pollutants
Wastewater quality indicators in the wastewater network: from the control well
to the entrance to the municipal sewage treatment plant (STP)
Condition of equipment and premises of sewage pumping stations of the wastew-
ater disposal network, their piping and building and regulatory infrastructure
Efficiency of wastewater treatment at municipal WSCs: compliance of treated
wastewater discharged into water bodies with the requirements of regulatory
documents
Resource costs of wastewater treatment at municipal WSCs: electricity, reagents
and other consumables

Condition of equipment of municipal WSCs, their pipeline and construction
and regulatory infrastructure, including aeration system with blower stations,
disinfection modules and reagent farms
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Monitoring and management solutions used
Personal diagnosis and manual handling

Monitoring and control are partially implemented in
automated mode

Monitoring and management are partially imple-
mented in automated mode (performed at the end

of the reporting period)
Monitoring is partially realised in automatic mode

Personal diagnostics - performed by by specialists of
water supply and sewerage organisations
Not fulfilled

Monitoring is partially automated

Monitoring and control are implemented in auto-
mated mode (dispatching)

Monitoring and management are partially imple-
mented in automated mode (performed at the end
of the reporting period)

Monitoring is partially realised in automatic mode



Automated monitoring Personal monitoring

and process control of and manual control of
subscribersllocal the processes of local
Personal diagnostics oi treatment facilities treatment plants of
the condition of local subscribers

water disposal
elements of
subscribers

Personal monitoring by
specialists of water supply

and sewerage -
Personal monitoring

Automated monitoring organisations of quality
and manual control of
and control of sewage indicators of wastewater .
sewage pumping
umping stations discharged by subscribers .
pumping 9 Y station processes
processes

Automated monitoring and process control of municipal
sewage treatment plants

Personal monitoring and manual control of municipal
sewage treatment plant processes

Figure 2. Scheme of interaction between monitoring and management of wastewater disposal (intersection of solutions mear' me M

Table Il

Scenarios for increasing observability and controllability in integrated automation of wastewater disposal systems in *3Tesakd

Minimum scenario

Medium scenario

Optimistic scenario

1 Systematisation on the basis of a single platform of all primary and calculated parameters.

2. Systematisation on the basis of a single platform of all used models.

3. Systematisation on the basis of a single platform of all algorithms used.

4. Formation on the basis of the platform of a single circuit of technological monitoring and contr; i w 1
the formation of an up-to-date knowledge base with the function of training personnel on site) accccank: t |
the criteria of ‘resource efficiency’, ‘reliability’, ‘environmental safety’

1 Performing a ‘minimal’ scenario.

2. Creation and implementation of new integrated models and algorithms for monitoring and mar |
on the basis of a single platform.
3. Installation of additional measuring equipment, including for indirect assessment of paramc.r-' Hr 1

technological complex of wastewater disposal and treatment.

4. Creation of laboratory modelling information systems (LIMS).

5. Creation and implementation of new integrated monitoring and management strategies based on i Sn’feil
platform

1 Performing an ‘average’ scenario.

2. Obtaining data on subscribers ‘dangerous’ for the WSC; installation of additional measuring dr -1
this system, including for indirect assessment of parameters of the technological complex of water : om. 1
and wastewater treatment.

3. Creation and implementation of new integral models and algorithms for subscribers ‘dangero.r or r* 1
water utility.

4. Creation and implementation of new integrated monitoring and management strategies based on _ i'-ilfel
platform.

196



rganisations.

Using SC-code, a number of top-level ontologies have
-een developed for the sphere of housing and communal
rrvices, describing the most common concepts. Let us
. >nsider several fragments of these ontologies in the SC
; xie [13].

mlity equipment
[totality of technical devices and systems ensur-
ing functioning of engineering infrastructure of
apartment buildings and municipal facilities]
=>  subdividing*:
{° plumbing equipment
. electrical equipment
. heating equipment
. accounting and analytical equipment

N
I

=>  subdividing*:
{- main technological equipment
9  auxiliary equipment
. emergency equipment
. test equipment

=>  explanation*:

[A complex of mechanical.electrical andelec-
tronic devices that ensure the supply of commu-
nal resources (water, heat, electricity) and the
safe operation of the housing stock. Includes
both traditional engineering equipment and mod-

ern intelligent control systems.]

iut-off valves
= [a technical device forcontrolling the flow of a
working medium by changing the area of the
flow cross-section]
=>  subdividing*:
partitioning by design

— {9 gate valve
9 flap
9 tap
9  vent
9 valve
=>  possible material*:
. cast iron
9 carbon steel
9 stainless steel
9 brass
9 bronze
% \\\rA\mm
. polymer

suspended solids
= [complex compounds of organic and inorganic
substances suspended in water]

=*  subdividing™*:
{- organic suspended solids
) inorganic suspended solids
=> areas of application*:
{ wastewater treatment
9 water quality monitoring
}
=>  parameters*
{* concentration
o  particle size
=>  operating principle*:

{° sedimentation
o filtration
o coagulation

}

Conclusion

As a result of structural systematisation of the wastew-
ater disposal scheme, the key subsystems (subscribers,
wastewater disposal network, sewage treatment plants)
were identified, and the analysis of the methods of mon-
itoring and control of technological processes used in
them substantiated the conclusion that their automation
is extremely low. The degree of overlap between manual
and automated monitoring methods is significant and
requires mandatory compliance with the interoperability
criteria within the created scenarios (minimum, average,
optimistic) for increasing the observability and control-
lability of wastewater disposal in settlements - it is
necessary to state separately that a unified technological
ecological environment has not been created in WSS
organisations at the moment.

Justified to overcome such a significant problem is
the use of OSTIS Technology, the basis of which is
a universal way of semantic representation (coding) of
information in the memory of intelligent computer sys-
tems, called SC-code. The fundamental results obtained
with its use will make it possible to implement digital
transformation of the housing and communal services
(including at the state level) along the chain: ‘wastewater
disposal’ - ‘water supply and wastewater disposal’ -
‘water supply and sewerage facilities as a whole’ -
‘housing and communal services as a whole’ on the basis
of fulfilling the criterion of interoperability of systems,
where it is necessary to take into account the human
factor and the need for significant improvement of staff
qualification.
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KOMMMEKCHAA ABTOMATW3ALINA
BOAOOTBEAEHWNA B PA3PES3E
MHTEPOTEPABEJ/IbHOCTN
MPOLUECCOB MOHUTOPUHIA N
YTMPABJTEHNA
Boiitos W.B., LLitena B.H., Oxtunes M.IO,,
Mycnmmos 3.H., Poccoxa E.B.

lMpoaHann3mpoBaHbl OCHOBHble HOPMaTVBHble TpeboBa-
HUS N peKoMeHAauuu K 060CHOBAHMIO U CO3J4aHUI0 CU-
CTeM KOMMJIEKCHOM aBTOMaTu3aLuy npoLeccoB pPasHooT-
pacneBbIX 06bEKTOB. BbIMOMHEH CTPYKTYPHbIA 1 YHKL M-
OH&/IbHbIN aHaNN3 CXeMbl TEXHOIOrMYECKOr0 yrpaB/eHus
BbISIB/IEHO, YTO aBTOMAaTU3NPOBaHbl (faXKe C y4yacTuem
Yesl0BEKa-0MepaTopa) MeHee MOIOBMHbLI onepaunii. Mpea-
CTaB/ieHbl (hYHKLMOHa/IbHbIE NepeceveHnss UCNOMb3yeMbIX
PYYHbIX N aBTOMaTU3MPOBaHHbIX CN0C060B coopa UHAC I-
MaLuMn 1 perynnpoBaHns pexnmamy o6opygoBaHusA. K *
Takue, rge Heo6Xo4MMO peanns3oBbIBaTb paspaboTaHHble
CueHapuun nosbllLeHNA Ha6ﬂ}0,qaeMOCTVI nynpasnaeMocTu
npu KOMMJIEKCHOM aBTOMaTu3auuu CUCTEM BOA0OTBefe-
HUA HaceNéHHbIX MYHKTOB C KPUTUYECKUM TpEﬁOBaHI/IE
K UX nHTeponepabenbHOCcTU. MpeanoxeHo Ana Takux ue-
nei ncnonb3oBaTb MeTOAO/IONMYECKOro annapaTa HOBO:
nokoneHus TexHonorum OSTIS.
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