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Abstract. The intelligent and digital technologies implementation into the civil engineer expert activities is able to provide
alternative solutions to different qualifications specialists. This will increase the speed of data processing and the reliability
of the expert opinion on the technical condition of the operated construction objects as well as will allow assessing their
real residual resource for making a decision on the possibility of further exploitation. The ontology and the original
technology for the main system components determination are necessary to achieve the goal (the confinement model)
used for the structural and functional analysis of the knowledge system. The entire technologies set for the architectural
and construction objects (digital documentation, scan results, thermal imager data, non-destructive survey methods data),
data about structure’s defects and damage, appropriate software as well as intelligent technologies (fuzzy logic, neural
networks) are used for more thoroughly diagnose certain construction parts and transmit digital information to determine the
technical condition category. Also, this data set can be used for following situations: a control of the dynamics of changes
in the technical state of a construction object, an improvement the accuracy of determining the scope of repair work, an
enhancement the quality of project documentation, methods for assessing the quality of restoration work and measures
for the conservation of architectural monuments, etc.

Keywords: intelligent and digital technologies, ontology, confinement-model, architectural and construction objects,
category of technical condition.

NHTEJJIEKTYAJIBHBIE 1 IUPPOBLIE TEXHOJIOI'NHU
B TEXHUYECKOM JIUATHOCTUKE OFBEKTOB
CTPOUTEJIbBCTBA

I'I. Kawesaposa, A.E. Cemuna, C.B. Makcumosa
Ilepmckuit HalIMOHANBHBINA UCCIIEA0BATEIBCKUM MOJUTEXHUYECKUN YHUBEPCUTET, I. [lepmb, Poccust

AnHoTanus. BHenpeHne HHTeINIEKTya bHBIX U III()POBBIX TEXHOJIOTUH B AKCIIEPTHYIO IEATETbHOCTH HIDKEHEPOB-CTPOHTENEH CTOCOOHO
TIPEIOCTABIATH AJITePHATUBHEIE PEIICHHS CIIEIHANINCTaM pa3HOH KBaTH(HUKAINU. DTO MOBBIMIAET CKOPOCTh 00PaOOTKN JaHHBIX H JI0-
CTOBEPHOCTH 3KCIIEPTHOT'O 3AKIIIOYEHHS O TEXHIIECKOM COCTOSIHUH AKCILTYaTHPYEMBIX 0OBEKTOB CTPOUTENIBCTBA AT IPHHSATHUS PEIICHNS
0 BO3MOJKHOCTH UX JaJIbHEHIIeH SKCIUTyaTallny, a TAkXKe MO3BOJIAET OI[EHUTh UX peabHBII 0CTaTOUHbIH pecypc. [t CTPyKTypHOTO U
(DYHKIMOHATEHOTO aHAIN3a CHCTEMBI 3HAHUH HCIIOIb30BAHbI: OHTOJIOTHIECKUH aHAIN3 1 OPUTHHATIBHAS TEXHOIOTHS (KOH(pAHHMEHT-
MOJIEJIIPOBAHNUE) ONPEISIICHNSI OCHOBHBIX KOMIIOHEHTOB CHCTEMBI, HEOOXOANMBIX IS TOCTIDKEHHS LIENTH - OTPE/IeTIeHHs] KaTerOpuu
TEXHUYECKOTO COCTOSIHUS CTPOUTENBHOTO 00BeKTa. [t Ooee TIaTeabHON JUArHOCTHKU OTAENBHBIX JeTaled KOHCTPYKIUH apXu-
TEKTYPHBIX ¥ CTPOUTEIBHBIX OOBEKTOB M TIepeiadn MU(PPOBOH MHPOPMAIMU NCIIONb3yeTCs TOTHBIN Habop TexHomorui (mmgpoast
JOKYMEHTAIHs1, pe3y/IbTaThl CKAHUPOBAHUS, JaHHBIC TEITIOBH30Pa, JaHHBIC METOI0B HEpa3pyIIAIONIIEro KOHTPOIS ), JAaHHBIC O Ie(eKTax
1 TIOBPEXKICHNSX KOHCTPYKIHH, COOTBETCTBYIOIIEE ITPOrpaMMHOE 0OeCIIeUeHNe, a TakKe HHTEIUIEKTyaIbHbIe TeXHOJIOTUH (HEeUeTKast
JIOTHKa, HeHpoHHBIe ceTH). Takike, ’TOT HabOp JAaHHBIX MOXKET OBITh HCIIONB30BAH JJISI: KOHTPOJIST AMHAMHUKH N3MEHEHUS TEXHIIECKOTO
COCTOSIHUSI 00BEKTa CTPOUTENIHCTBA, TOBBIMICHHUSI TOYHOCTH OIPe/IeNIeHUs 00beMa PEMOHTHBIX pabOT, MOBBIIICHHS Ka9eCTBA IIPOSKTHOMH
JIOKYMEHTAIINH, CTIOCOO0B OIIEHKH Ka9eCTBa PECTaBPAI[OHHBIX paO0T M MEPOIIPHUSTHH 0 KOHCEPBAIIUH TAMSITHIKOB apXUTEKTYPBI U JIp.

KaroueBrble ciioBa: HWHTCJUICKTYAJIbHBIC U III/I(l)pOBI)Ie TCXHOJIOTHUH, OHTOJIOI'HA, KOH(I)afIHMCHT-MO,Z[eHB, APXUTCKTYPHO-
CTPOUTCIIbHBIC O6’LGKTLI, KaTreropus TCXHUYCCKOI0 COCTOAHUS
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1. INTRODUCTION

Exploitation of any construction structure in
accordance with the specific regulations demands
technical diagnostics conduction. Often, conclusions
of the technical examination are approved in the
short time under uncertainty. Decisions are usually
based on the opinions of the specialists considering
their professional experience. Lack of sufficient
knowledge leads to the erroneous conclusions and
might be the cause of the premature failure of the
construction object. Accordingly, there is growing
attention to the development of intelligent expert
systems in the complex field, such as diagnostics,
inspection and monitoring of buildings structures.
Such systems serve as a tool for information support
for the development and decision-making processes.
Deep knowledge in the field of construction and
experience of an expert are required to address
the problems of constructions survey, such as the
complex nature of the building structures along with
lack of regulatory documents connections, multiple,
incomplete, inaccurate and contradictory results
of an engineering object diagnostics, insufficient
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formulated assessment criteria, the problem of the
"length of the technical conditions scale™ (GOST
(State Standard) scale, including 4 categories) and
the blurring of the categories boundaries [1].

The intelligent and digital technologies introduction
into the civil engineer expert activities provides the
alternative solutions to the different qualifications
specialists. The main task of the intelligent
technologies is the knowledge processing related
to solving complex issues in which logical (or
semantic) information prevails over computational
information [2, 3]. Taking the implementation into
the process of technical condition diagnostic an
additional technological level is advisable for this
purpose. It should include the computer processing
of the accumulated knowledge and practical
experience. At the same time the knowledge
embedded in a computer-oriented knowledge-base
(KB) must be organized and formalized so that the
user can quickly receive the necessary information.
The structure of a comprehensive intelligent
system for diagnostics of mass construction
objects elaborated considering the current level of
the computer technology development along with
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Figure 1. The structure of an integrated intelligent system for diagnostics of construction objects.
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evolution of the telemetry methods, digital and
intelligent technologies. The developed structure
consists of several expert systems (ES) which can
operate separately or as a whole system (Fig. 1).
Integration of the buildings technical condition
diagnostics results into a holistic system mixed with
the telemetry possibilities, laser scanning, intelligent
and digital technologies, mathematical modeling
enable to accelerate data processing and increase the
reliability of the expert opinion about the technical
condition of the exploited building constructions.
Such system based on the identification of defects
in load-bearing and enclosing structures as well as
foundations and other constructions, also will allow
evaluating the real residual constructions resource
for decisions about the reconstruction, overhaul and
destruction. An integrated approach to solving all
these problems will allow obtaining a multiplier
effect, while each included expert system expands
due to the other system elements capabilities. In the
near prospect the expert systems and neural network
combination with the traditional programming
technology will provide a revolutionary
breakthrough in the applications integration of
ready-made intelligently interacting modules.
The current state of the expert systems and neural
networks development in the construction sector can
be characterized as a stage of the increasing interest
as evidenced by the many publications of the authors:
D.A. Pospelov, T.A.Gavrilova, V.F. Xoroshevskij,
D. Rutkovskaya, E. Bernat, L. Gil, K. M. Hamdia,
K. Van Balen, H. Li, S. Shtovba, A. Rotshtein, O.
Pankevich, V.A. Sokolov, T.N. Soldatenko and others.
In the technical diagnostics of the construction
objects as well as in general construction sector,
there are a lot of the national and international
standards which must be taken into account since
they form the basis for solving the ensuring safety
problems of the construction facilities. This is a
ready-made system model needs to be correctly
represented in the formalized terminology to
provide the user under certain structural rules
which a computer can autonomously use in solving
specific issues based on logical inference.

But at this stage, there is a certain gap between
the technical development of general and detailed
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technical diagnostics building structures methods
[4-7] and the intelligent systems methodology for
organizing expert knowledge [8-14]. Consequently,
there are the limitations in the possibilities of
wider practical application of the intelligent
systems in construction. The major difficulty is the
interpretation of the entire volume of regulatory
requirements into a machine-readable format.

In a certain sense the Al system simulates the
intellectual activity of a person in general and the
logic of the human reasoning in particular. Any
intellectual person activity is inherently systemic.
It involves the use of a set of the interrelated
procedures on the way from setting a task and goals
to finding and using solutions. And as the logic
of the human expert reasoning in an intellectual
system, machine processing should be easy to
process; it should be structured, i.e. to represent the
system of the subject area as a conceptual diagram.
This requires: professional knowledge (theoretical
and practical); understand the thinking process of
a person — an experienced expert or a decision-
maker in a specific type of activity, highlighting
the main steps of this process; use a ready-
made software tool that reproduces these actions.

2. ONTOLOGICAL MODELS IN THE
KNOWLEDGE SYSTEM STRUCTURAL
AND FUNCTIONAL ANALYSIS

Numerous models and knowledge representation
methods have been proposed and tested with
varying success for structuring information, such
as: various logical models, semantic and neural
networks, frames, production rules, etc. [13-18].
In recent years meaningful ontology works has
been developed implementing new processing and
presenting information methods at the junction of
systems analysis, artificial intelligence and applied
data analysis. Such works contain conceptual
schemes for organizing the knowledge system of
specific subject areas and ways of targeting this
knowledge [19-22]. Ontology is widely used in all
fields of natural language information processing.
“Ontology” is a term in the artificial intelligence
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theory applied by specialists as one of the main
formalisms of knowledge representation. It means
formally presented knowledge in the form of
anarray objects description as well as concepts and
connections between them. In the simplest form
the ontology composition is reduced to the basic
concepts allocation for a specific subject area and the
construction of links between themas the definition
of relationships and interactions of basic concepts.
An important feature of the ontological models in
intelligent systems is that they are designed to be
processed by agent software. All information needs
to be presented in a formal form since a computer
cannot understand the situation in the world as a
person. For this purpose all concepts must be linked
and patterns must be established, i.e. the expert's
conclusions structure (frame) has to be identified.
Domain ontology is usually built by domain experts
or with their assistance. Meanwhile significant is
not the concepts themselves as people's knowledge
about these concepts and their exploitation by
people. The logical and associative theories of
thinking as two most popularapply as a basis
forreconstruction an expert's reasoning. Traditional
logic forms criteria that guarantee the accuracy,
consistency of general concepts of reasoning
and conclusions (classification, generalization,
comparison, categorization, inference, abstraction,
etc.). But a person rarely thinks in terms of
mathematical logic. Thinking is a chain of ideas
connected by general concepts. The main operations
of such thinking are: associations acquired on
the various connections basis, recalling past
experiences, trial and error with random successes,
etc. It all depends on the specific tasks, source
material, and subject area complexity. Ontology
allows restoring missing logical connections
providing a systematic approach to the subject area
study and makes inferences based on presented
information. Ontological models are considered as
knowledge bases of a special kind.

Any model is always a reality simplificationwith
inherent fragmentation. In the process of
identification of the various pieces of knowledge
the main thing needs to be considered as follow: a
basis for understanding processes and phenomena
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in relation with the development of knowledge
about the subject area defines through the "center
of the situation™ as some holistic image, structure or
important criterion. In meeting real challenges, the
domain ontology can be constructed in various ways.
Itisimportant to know how to highlight the main lines.

3. THE CONFINEMENT MODELLING
TECHNOLOGY AS AN APPLIED TOOL
FOR THE MAIN SYSTEM COMPONENTS
DETERMINATION

T.V. Gagin [23] proposed an original method for
determination of the main system components
which essential to achieve the stated objective
and studying their influence on each other. This
fundamentally stable model of the self-reproducing
system developers called the Confinement® model.
The “confinement” is the term taken from physics
and literally means retention (confinement).
The formation of ontology using confinement
modelling is a system-cognitive analysis
procedure. The domain model is represented
in a sign oriented graph form with feedbacks
(Fig. 2). Various events or key elements of the
situation are located at the vertices of the graph.
The arcs connecting the vertices represent the
causal relationships between them. The essence
of this approach lies in the presence of the fact
that the system is closed in the form of a system
loop, which contains the necessary and sufficient

Figure 2. The confinement model.
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direct and reverse cause-and-effect relationships.
The elements of the system loop are the focus
of attention where to look and where to search.
Meanwhile is considered that the result is
generally known, and the model is focused on
the strategy for achieving this result.

Recently this technology actively used in various
sectors scientific developments [24, 25]. The
confinement system allows seeing key points and
important relationships as well as helps to highlight
the most important and necessary information for
solving a certain issue, i.e., makes it possible to
take a systematic look at the process. Filling of
the confinement model at the level of common
sense (the numbers of the elements correspond
to the order of their determination) allows
discovering not only the elements necessary for
understanding the system, but also their most
important relationships: each element in its place
should be logically linked to six others: three
should call it, and three - to follow from it.
Accordingly, each element is both an effect and a
cause. (1) is the goal and the result of the system.
(2), (3) and (4) are the immediate causes of this
result. At the same time the cause (2) in addition
to the result itself should strengthen the cause (3)
which enhances the cause (4). The element (4)
itself must call the result and be strengthened by
it. (5) is the element which have to simultaneously
calls all three previous reasons. It is important that
all three reasons. Reason (5) is related to (2). (6) is
the reason for (2) and (5) at the same time. (7) has
to call (6) and (2). (8) is the element interconnected
with (7) and calls (6) and (5). (9) is the important
element which should close the system and this is
a serious test of our discourse. It is the cause for
(7) and (8), being simultaneously a consequence
of both cause (4) and the main result of system (1).
The links indicated in the diagram (fig. 2) by the
dotted line are described by the word "calls".
In the finished diagram they have to close the
middle circle: (3) - (9) - (6). The confinement
model is clearly layered into three circles: inner,
middle and outer. The inner and outer circles are
practically equal. The central one is considered to
be the manager and serves as a connecting link,
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transferring the influence from the inner circle to
the outer one and vice versa.

There are three sectors within the model. They are
marked with different colours: "R" - red, "G" - green,
"B" - blue. Elements in the "R" sector (1) - (4) - (9)
describe the "key results" and "specifics". These
are the most "real" and obvious parts of the system.
The "G" sector (6) - (7) - (8) is an incentive for the
transformation of the specifics of the "R" sector into
actions and the conclusions of the "B" sector (2) -
(3) - (5) which are the "procedural-thinking” sector
covering the area of decisions, rules and conclusions.
The logic of checks suggests the magical role of
the element which is simultaneously located in
the "control” central circle and the "transforming”
G sector (the element (6) in the scheme). It often
turns out to be significant and decisive.

4. CASE OF THE CONFINEMENT
MODELLING APPLICATION TO
CONSTRUCT THE CONCEPTUAL
MODEL STRUCTURE FOR DIAGNOSING
THE BUILDINGS AND STRUCTURES
TECHNICAL STATE

Technical diagnostics of construction objects is
carried out through a combination of mutually
consistent and complementary practical,
calculation, research and analytical procedures.
Let’s consider one example of the conceptual
model forming process of an intelligent control
system for the decision-making process on the
buildings and structures technical condition
(Fig. 3), using the technology of confinement
modelling and a ready-made template [23].

The main criteria of damages type decisions and
the requirement of the measures to bring the
construction object to further safe exploitation
is the technical condition category (CTC) of
the building or structure (normative, operable,
partially operable or emergency technical state).
The technical condition category determinations of
a construction object as a whole as the purpose of
the construction expertise is the main component
of the system (1). For this purpose the conduction
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of a survey of the building structures is necessary
(8). It includes a large list of works consisting of
various sections of building science.

Regular engineering inspections of the construction
objects (6) should be carried out at least once every
10 years and at least once every 5 years for buildings
operating in adverse condition in accordance with
the requirements of the "Rules for the Inspection of
Building Structures™ and other regulatory documents.
There may be scope for conduction extraordinary
checks of the operational suitability of structures
after emergency impacts (earthquakes, fire, explosive
impacts, etc.) or upon detection of significant defects,
damage and deformations during maintenance (7).
The results of the building structures inspection
make it possible to diagnose the technical
condition of certain structures (5) and the
construction object as a whole (1), i.e. carry out
a set of surveys and necessary calculations to
identify significant diagnostic parameters (2)
and the defects and damage causes (3) used to
judge the technical condition of the object. For
this purpose, different methods of research and
building elements examinations are applied as
well as the survey the physical and mechanical
properties of structures, foundations, soils
(strength, deformation, physical and moral
deterioration and other factors and parameters).
This is necessary for a correct assessment and
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Figure 3. Ontograph of the definition of the CTC
(the category of the technical condition) of a
construction object.
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classification of the true state of structures (4)
based on the results of examinations (8) and
diagnostics (5). As a result, the risk should be
assessed of destruction and residual resource if
identified category of the technical state decrease
for some structural elements. Such assessment
is conducted for a feasibility study of the
relevance of carrying out measures for the repair,
reconstruction or demolition of the facility (9).
Hence a conceptual confinement model of an
intelligent system for diagnosing the technical
condition of construction objects was formed. A
specific system process operates within this system. It
can be considered as a level 1 ontology that includes
the required number of system processes.
Understanding the confinement model forming
principles makes it possible next points: to unify
the process of developing ontological knowledge
bases and other subject areas, to facilitate lining
of the structure in comparison with the known
methods of constructing ontology [16, 20, 25],
helps to filter out unimportant factors (which
seemed important) and focus on those which are
really affect the result.

At the same time, it should be understood that
there is no single correct way to model the subject
area. Always there are viable alternatives [6, 22].
Confinement modelling is an applied tool that
allows facilitating the development of knowledge
formalization models in intelligent systems, focusing
on essentials further makes the right decisions by
building action plans. Any element of this model can
also be a sublevel. Creation of the sublevel structures
both confinement models and other technologies and
knowledge representation models can be used.

5. DIGITAL TECHNOLOGIES FOR
RECEIVING AND PROCESSING
INFORMATION FOR ARCHITECTURAL
AND CONSTRUCTION OBJECTS WITH
THE TERRITORY REFERENCE

Nowadays rapid digitalization of the architectural
and construction industry is changing the
technologies and possibilities of obtaining and
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processing information which is necessary for
the construction objects diagnostics. Digital
technologies are intensively implemented into the
specialists’ activities in the field of urban planning
and architecture. Laser scanning, photogrammetry,
and digital documentation methods make it
possible to effectively collect three-dimensional
and spatial data for architectural and construction
objects into a database (DB) of point clouds [26,
27]. This is especially relevant for already existing
and historical buildings or architectural complexes
that can have defects and damage.

Parametric information models (BIM-models)
are created [28] based on obtaining sufficiently
accurate three-dimensional photogrammetric
initial data for each building or structure after
data processing. In figure 4 shows the results of
such processing for a real architectural object St.
Nicholas Church in Usolye of the Perm Krai as
well as on figure 5 examples of the constructed
BIM models in the cities of the Upper Kama region
are presented.

Currently within the technical regulation
framework is actively continuing implementation
process of information modelling technologies
at all stages of the life cycle of buildings and
structures. This work carried out in creation the
necessary regulatory and technical base process
taking into account the needs of the construction
process participants. Information models of
each object are associated with the geographic
information systems (GIS), i.e., with reference to
the territory using an identification codes system
assigned to each building (Fig. 6) [29].
Formalization and transformation into a machine-
readable format and for the purpose of effective
search, the obtained data is structured in the census
form of the objects (Fig. 7).

The entire technologies set for architectural objects
digital documentation not only in the form of
three-dimensional point clouds, but also geospatial
referenced data, as well as data about structures,
defects and damage, provides researchers many
options for subsequent work [30].

For instance, the historical and architectural heritage
of Usolye database made it possible not only to
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Figure 4. Photogrammetric data processing on
the example of St. Nicholas Church in Usolye.

Figure 5. Examples BIM - models of churches and bell
towers based on a point clouds and measured data in
the cities of the Upper Kama region (Perm region).
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visualize the entire historical and architectural
environment in three-dimensional form but also to
present cartographic analytical materials necessary
for management decisions. The strategy for the
Usolye Stroganovskoye territory development was
elaborated on the basis of such three-dimensional
and cartographic materials.

6. CONCLUSION

Using the scan results, thermal imager data, non-
destructive survey methods data, appropriate software
as well as intelligent (for example, neural network)
technologies, it is possible to more thoroughly
diagnose certain units and parts and transmit digital
information to determine the category of technical
condition designs. Also, this information can be used
for following situations: to control the dynamics
of changes in the technical state of a construction
object, to improve the accuracy of determining the
scope of repair work, improve the quality of project
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ACESSABILITY
CONSTRUCTIVE
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Figure 7. Census documents.
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LASER SCANNING POINT CLOUDS PROCESSING

3D MODELLING

documentation, improve methods for assessing the
quality of restoration work and measures for the
conservation of architectural monuments, etc.
Awell-structured database about the architectural
and urban planning environment will allow not
only effectively use existing information, but also
add new information. In the presence of relevant
and reliable input data, intelligent systems will
be able to analyse not only the diagnostics of the
technical condition and safety of construction
objects, but also the urban planning situation.
The architecture represents a collection of not only
numerical data, but also three-dimensional and
semantic (ontology) data, which requires expert
experience in data evaluation. Within architecture
sector logical information often prevails over
computational information and this can become
a prospective field for intelligent systems.
Promotion of intelligent systems in relation to
the functioning of each stage of the building "life
cycle" will allow solving specific problems in the
field of the architecture and constructions.
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